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Introduction

Rainwaterand snow melt topography and gravity. These are the simple
ingredienteededo create a river. That river can be one of nature's most beautiful and
functional element®ut can also become dgerous, toxic, garbagstrewn sterile,and
ugly. The choice between these tations is often made by ghhumans who live,
manufacturegrow, and movehings along the banks or in the watershedsisf th
(usually)naurally flowing waterwaylt is aclichéthat water is lifé but clichésare
repeated sérequentlybecause they amdtentrue.In innumerable Native American tribal
cultures, water is even more than life, it is a sacred substance that defines exikience.
life that we know of can exist wibut water, and riverare nature's way of moving water
across the landscape from highelawer elevationspreading this lifegiving substance
around

Colorado haslramaticaly exaggerated topography aiadge relié between the
high mountains above drihe plateaus and & below.Because of these elevation
differencesthe mountains of #hstatedbecamehe birthing grounds for marof our
streams and riveiisthe physical sciencesasons fothis phenomenoare hghlighted in
theWater chapterBecause of the number ofriportant riverof the West thabriginate
in the state,@me actuallycall Colorado the "Mother of Rivers." This rather hyperbolic
namehasa large grain ofruth in it. Almost all of the West, #t land west of the
hundredth meridia, is a normally drydndscape only punctuated by the wetter mountains
that give a reprievi the aridity of most of the areéhe mountains are known for their
steep slopes and rocky crags, but they are also knowvtindiorexpansive foresis

ponderosand lodgepole pine, Belmann sprucesulalpine and Colorado blue spruce,



and of coursepur belovedaspen groves. The natural vegetatortheusually much

drier plains and plateausonsists of short grass prairgayubland and maybsome
scatteregifionjuniper woodlandAll of our cities at the lower elevations have tiged
boulevards and lush, green lawns. But these can only exist because we bring enough

mountain water into town to irrigate these frative veetation types.

Colorado has foucelebrated river systes that begin in the highest reaches of our
mountans. The first of theseasnamed the 'Grandly the initial Anglo settlers in the
state but eventually in the 1920s was renamed the Colorada Rinkis the only river
system thatlrains the landvest ofthe continental divide. It rises in the far nortstern
corner of Rocky Mountain National Park and flows south into Middle Park. From Middle
Park it runs through Gore Canyon and westward thréighwood Springs. By this
point it ha become a relativelarge river by western standards. It continues wast
places such as Rifle, De Beque, Parachute, and Clifton. Finally, it react@sfiience
with the Gunnison River at Grand Junction. Frdis point almost to its mouth in the
Gulf of California, itis flowing through the canyons and gorges of théo@do Plateau
country. It has a significant cadre of tributarileat are entirely or at least begin in the
stateincluding the Gunnison, Dolose White, Yampa, and San JuRivers In total the
ColoradoRiver basin has a flow of almost 9 million adeet a year (an aci®ot is the

amount of water in an acre covered by waterfmot deep) (Figure 1).
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Figure 11 This map shows the watershedsthe four major river systems of [eadoi the Colorado,

Rio Grande, Arkansas, and Platte Rivers.

The Western Slope of Colata is where most of the state's precipitation falls
this is borne out by the fact the total discharge framtlree otherivers, all on the
Eastern Slope floimg to the Gulf of Mexco, is barely onainth that of the Colorado
basin. The Rio Grande, tiidatte, and the Arkansas Rivers together discharge just over 1
million acrefeet per year. We will see in later chapters thitis the reason f@aome
understadable discontent orhe wesern slopgsee the chapteBiversions, Law, and
Compacty. TheRio Grandestarts in the high mountains on the eastern side of the San
Juans near Stony Pass and Canby Mountain. It flowsaakhrough volcanic
landscapes famany miles pasCreedeandSouth Forkwhere it enters the San Luis

Valley andthen toDel Norte where it starts to head southeast toward Monte Vista and



Alamosa.The remainder of its course flows through a geologiddeape known as the
Rio Grandeift. From there it headduesouth and eventually out of the state into New
Mexico.

The Arkansas Rer has two major sourcésboth a few miles outside of
Leadville. The first is just below Tennessee Relssre Tennessee @ieflows through a
landscape of widgsead willow carrs. Ta second and slightly largbranchstarts on the
southern slopes of MArkansas near Fremont Pass. These two branches come together
just on the northern edge of Leadville. From here the river almost straight south
through thedrge valley on the etern side of the Sawatch Mountains until it reaches
Salida. This valleys also part of the Rio Grande rift geologic structéteSalida the
river makes a hard
left turn toward the east wheresitentually runs through the Royal Gerand into Cafion
City. From here to the Kansas border, the Arkadsaiss almost all of theoutheastern
part of Colorado and flows ovehort grass prairie and searid landscapedt exits the
state just east of Hlg at one ofthe lowest elevatiain all of Coloradoi amere 3,317
feet above sea level.

The entire northeastern part of Coldoas drained by the Platte (bdtlorth and
South) River The North Plattelrains North Park- the far northwestern cornef the
Platte Basin. This is thamallest of the four 'Park#n Colorado (the three others are
Middle and South Parks and the Sansl.Valley). The North Platte flows north into
Wyoming and eventually meets with the South Platte at North Platte, Nebraska.
South Plattédnas three nearlequal source$ prosaicdly called the North Fork, Middle

Fork, and South Fork-he North Fork ses just below Handcart Peak and Webster Pass



while the Middle and South Forks begmthe Mosquito Ranggist below Mt. Lircoln
and Weston Pass respectiuelrhe South and Middle Fls converge just east of Hartsel
before they reach Spinney ReservoiSouth ParkThe North Platte joins them just as
the river flows into Platte Canyon southwest of Chatfield Reseneair Dener. The

fully formed South Plagtthen flows northeast thiggh Denver and out into the plains of
northeastern Coloradad. éventudl leaves the state jubeyondJulesburg in the far

northeastern corner of Colorado.

e

Our four rivers are important forefinfluence that they havon the ste of
Coloradoandmog of thewesternand southwesteriands of the USThey impact what
ecoystems exist, where people live and work, what economies are viable, and almost
every other aspect of life. But the riverg atso beingnfluenced by physical
characteristics of thland, most especially by the geology and topography over which
they flow. The comprehensive geology of Colorado is almost infinite in its complexity
and is well beyond the scope of this book. Brelatively smple synopsisof it will be
useful for undeitsinding water and the rivers that mové-igure 2 is aartographers
perspective of Colorado geology. It highlights in vibrant colors the major classes of rocks

in the various parts of the stat



EXPLANATION

Modern Quaternary alluvium

[ ] nconsolidated deposits of
Quaternary Period

[ ] sedimentary rocks of
Tertiary Period

B undiferentiated volcanic and
intrusive igneous rocks of
Cenozoic Era

[T sedimentary rocks of
Mesozoic Era

I sedimentary rocks of
Paleozoic Era

Igneous, metamorphic,
and sedimentary, rocks of
Precambrian Era

Figure 27 This is a simplifiedjeologic map for thetate of Colorado(courtesy of the&Colorado

Geological Survey)

It has been quaintly stated in an old saw that water runs downhill except when it
runs uphill toward money. Waave plenty of uphilmovement of water in Colorado (see
theDiversionschapter) but without the artificial assistance of pumps and siphall
water obeys gravity and runs from high to ld\smd as we will see in the chapten
Water, most of our flowingvater originates imur high mountains where that downhil
run starts. The quasn here might be, why @&s Colorado have all those highitude
landscapes we call mountainBffatqueryis almost totally answered by lookingaatd

understanding the ge@w of the state- both its multitude of rock types andelphysical



movements bthe crust of the earth that rearrange those rocks leotically and
horizontally.

The foundation of geologgnywhere on earth starts with the scientifically
establishedheory of plate tectans. To simply state thikeory, large, solid plates of th
earth's crust are constantly in motion, driven by molten andsehteén magma
circulatingat considerable deptlelowthem These plates vary in size, rock type,
density, ad chemistry. It is enerally accepted by geologisiad geophysicists that seme
large plates along with seven medium size plates and probably a dozen smaller plates
cover the earth. Some plates are more dense (often called oceanic plates) whileeothers ar
slightly less densgontinental plateg)Figure 3) Somne plates only move hizontally,
some denser, oceanic ones are subducted (forced down) under the less dense continental
ones. Over billions of years all of these movements have made the contiaades,w
new parts of ontinents to formsome platesidappear,and vast mountaigystems to rise
and eventuallyvaneas they are relentlessly erodé@the place we know of as Colorado
has over hundreds of millions of yeamexperienced its share of horizahmovements
rangingfrom tropical latitudes to moneortherly ores. It has als experiencethe many
ups and downs akpeatednountain building and mountain destruatiall coming from
innumerablelate movementand relentless erosioVe know that thre have been
multiple mountain systems in the areaGoloradoi the mountainsve see today are only

the latest.



Figure 31 This isa basic map of the worldwide tectonic plates that cover the gadtrtey of the U.S.

Geological Survey)

Over the course of earth's #4.Billion-year history, the spot on tiptanet that we
call Colorado has had multiple mountdinilding episodes. Probably there are some we
will never know about their remnants have been obliterated by erosion and tectonic
activity. We are certain aboutd last two of these orogenic periptisweverThe first d
these occurred during the Penlayian period (Figure 4). At the beginning of that
period, Colorado was under the influenceanfl often covered bshallow seas in a
tropical environmentear tle equator But rapid tectonic changésrust up two sepamat
but related highlandis one wasalled Frontrangia (for the obvious reason thatas
basically where our current Front Range is), the other was the Uncompahgre Highlands in
the more southwestepart of Colorado.These two highlass were often surroued by

shallow seas as evidencedthg sediments that have been left behind.
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COLORADO'S GEOLOGIC TIME SCALE

(Millions of
years ago)

Era Period Major Geologic Events in Colorado

Development of present topography, ice ages, huge dune fields, wide-
Quaternary | Present-1.8 | spread mammalian extinction, widespread faulting, basaltic volcanoes,

development of caves
Rio Grande rifting and regional uplift by block faulting (to present ele-

e Roges o vations); widespread basaltic volcanism; major canyon cutting
) Catastrophic volcanoes erupting; erosion and basins developing;
Paleogene 23-66 Laramide mountain building; igneous plutons intruding and creating

rich mineral deposits

55

BON LS00 'wﬁmpubdsdm' intrusions; a period of major dike intru-
. dongdcposk!onofaﬂ»dtmofoondnendudwmdu

Figure 47 This is the geologic timescdier Colorado as depicted iNessages in StoneéColorado

Geological Survey(courtesy of the Colorado GeologicaliSey)

The second athese latter uplifts, called the Laramide Orogeny, began &&cut

70 million years ago and lastdor amost30 million years. Thecurrentexplanatiorby
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geologistdor this upliftis that becase of theAncestral Rockieand the sesses caused
by mass/e earth movemenishen they were formedhe area basement rock coreas
weakenedy fracturesfissures, and thinningt is speculated that a leangle subduction
plate comingn from the wesat the end of the Cretaceous penwdvided the force to
push up large massesaifl, buriedintrusivegraniticand metamorphicock (often
classed together as ‘crystalline’ rottigt movedupwardthrough the overlying
sediments. Tremendsupwardmoveamentlifted the buriedntrusive rocls at least
20,000vertical feet. Mostof our highest mountairisthe 13ers and 14ershave these
crystallinerocks as their corén addition to the Laramideplift, some of our current
mountain regionslso havebeenformed byextensive volcanic activifycoming
especially dting the Tertiaryperiod (see Figure 4 agaif)he eastern San Juan
Mountains the Flattops, Grand Meghge West Elksand the southern end of the San

Luis Valley are all evidence diis signifiant volcanic activity of the Tertiary

b

These very largscale earth movements and wij@ead volcanic extrusions
have produced an amazingly complex set of rock types in the state. Figure 2 shows broad
categories of what the geology at theface is irColorado. But there are myriad rock,
mineal, and sedimerdlasses that make up these seven nggologicmapping
elementsThis stunning complexity of rock and the level of uplift in any given region
have a profound impact on how riversvil. Harder rok resists erosion more than softer
rock; the more water edes rock and soil, the more sediment is carried in the river;
steepr slopes force water to run faster downlsiiallow slopes force the river to deposit

the material carried by mawy water;andall of these factors interact with \&ther and
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climate to @fine how much, where, and when the water in riaasthe sedimerihey
carryaffect the landscapes along its course.

Most of our four river headwaters start in areas that have $gpe of graitic
and/or metamorphic crystallimecks of the Precamlam era. The North Fork of the
Platte starts in an area of ancieneigsi a major form of metamorphic rock in Colorado.
The Middle and South Forks of the Platte start in areas obsippatelyl.4-billion-year
old granites with someemnants of Pennsylveam age sedimentary rock formed from
material coming off of the Arastral Rockies. The Colorado River begins in an area with
a combination of Precambrian granites and gablao ign@us rock withdifferent
chemistry than granite. Therkansas River's maistem starts in almost exactly tb@me
rock as the Middle Fork dhe Platte their origins are only abo@idbur miles from each
other. Tennessee Creiskan outlier as it begins Bn area of th@ennsylvanian age
Minturn sedimentarrock and some newéf 65-million-yearold rock can be new)
igneous intrusions. The none of our rivers that begins in a major area of Tertiary
volcanic activity is the Rio Grande. It begins in tleedened ashdivs from multiple
calderas in the Saluans.

The remaindeof each of the courses of our rivers is no less complicated. The
simplest is the Rio Grande. It rathrough the Tertiary volcanic rockbthe eastern San
Juans until it reaches ti8an Luis Valkky where it continues for most of it®urse in
Colorado oer the unconsolidated deposits of the Quaternary period. The Ag{kves
south orthe sediments iits ownvalley bounded by the Sawatch and the Mosquito
Ranges then turns east weafter 20 riles or s it goes through the metamphics and

granites hat make up the Royal Gorge. From here to the Kansas bordewstdieer
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much more recent sedimentary rock of various origins. The Middle and South Forks of
the South Platte flow @r the sedimés filling South Park then through meancient
Precambriamgneous rocks until hitting the plains near Denver. The North iSork
consistent in its continued flows through the Precambrian landscapes. All three forks are
merged west of Denvand flow oversedimentary geologic landscapesthe Arkansas
does The @lorado probably has the most varied geology for its entire leRgiim
Granby Reservoir until the Utah border, it runs over granites, volcanics rock,
Precambrian metamorphics, andume varietyof sedimentary rocks.

The geology lvays matters, but theexorableand relentless forces of erosion
will invariablywin out in the end. All fouof ourrivers carry huge amounts sédiment
that comes from the @sional processes of theoving water. @er time allrivers eode
their bedsand carry sedinré from their respective watersheds. Sometimes theyeerod
spectacularly steep canygqmsher times nearly flat floodplains that can hardly contain
the water John Wesley Powell gave us alpgyic axiom bat we should keep in mirid
to parajrase him, the fastenountains rise, the faster they erode. Wonderidlaave
inspiringexamples of this axiom can be seen in places like the Royal Gorge. It is such a
deep and narrow chaisbecaus the lad rose veryapidly and provided the Arkansas
River with the potential mergy characteristiaseededo downcutrapidly. We see this in
Glenwood Canyon east of Glenwood Springs along the Colorado; we see it in Waterton
Canyonon the South Platte; we sdan the BlackCanyon of the Gunnison; and, we see
it in many, many placealong the Colorado after it leaves the stateyGalands and the

Grand Canyon to name just twdhe combination of fography, climate, geology,
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tectonics and timehas created @nof the mostliverse and interesting fluvial lancigpes
in the country.
el

The geologyand topography of the statetthe physicalstage for what happens
to our four rivers as they traverse from the highest elevatiorighey leavefor the
lands beyod the statBne. But the physical character of eaciver basin is only a
precursor to what influences humans have on the watersheds. It is certain that humans
have used our rivers for thousands of years. It is inconceivable that any Native American
groupoccupying thestate woutl not make use of the mostrdant, diverse, arfécund
ecosystems in Coloradbut we have little written evidence of this use. There are some
clues to the skill and ingenuity of some of these groups in their manipulation and use o
water for swvival. In theLaw chapter, for exanip, the elaborate argktensive system
developed by the Ancestral Puebloans to irrigate crops anagearater is outlined.
Only the actual physical remnants of the irrigation systems in far southwesteradd
tell the story & how these peoples engimed their water worldndallow us to discover
the elegant and utilitaridmstory. There was no written record. That is the case for nearly
all of the indigenous groups that lived and moved through titefta thousads of yeas.
This is especially thease for the more noma&dribes who left littlecorporealevidence
of their use of the water resources of our rivers.

We do havaenritten evidence for thérst actionsby the EureAmericansin
Colorado intheseventeeth century The earliest of these exrsions we know abouatre
the tentative explorations of the Rio Grande in the San Luis Valley. Santa Fe, in what is

now New Mexico, was established by the Spanish in 1610 (that is 10 years before the
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pilgrims stepped fat on Plynmouth Rock). It was only natal for Spanish expters to
travel upstream along the Rio Grande into what is now the San Luis Valley of Colorado.
There was considerable resistance to these forays by the Native Ameanoatlg the
Utes, who alreadwere using theriver and the landaround it. Most likely the first
entradaor exploratiorthat reachethto the San Luis Valley cameoim members of the
Don Juan de Oifate expedition in 1607. The Pueblo Revolt of 1680 deo@gdinish
bad to El Paspthe Spanisheturned with a vengeanbg 1690 and a renewsguish into
the Valley began in earnegixploration for gold and silver and thend giveaway$y
the Spanish and eventually by independent Megegen though they did notally own
the land) wee common with hugswaths of the Vally awarded a&.and Garns' These
grants includedhe Sangre de Cristo, Guadaluped theVigil and St. Vrain. Some of
these land grants still affect property ownership and resource use in the Valesmalh
village of San Luison the southeastern sidf the Valleywas the very first permanent
humanpresence when it was established in 1882e oldest town in Colorado.

The first official U.S. governmemxpeditions came in the immediate wake of the
Louisiana Purthase. Lewis and Clark, of course, &r®wn for their exploations of the
northwestern parts of the Purchase. In 1806 Lt. Zebulon Pike was sent into territory that
was along the tenuous border between the new U.S. territory anantthebnsdered
part d Mexico by the Spanish. Pike was tadko get to the Arkaas River where a part
of his group was sent downstream to the mgaautld the remainder, including Pike
himself, went upstream to find the source of the Arkansas and also the RethRtive
was tlought to start near the Arkansas. Mdngtorians feel thaike was intentionally

sent to the area byis commandeGeneral James Wilkinson to provoke a confrontation
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with the Spanish. Pikeever got the wastartedwith Mexico that Wilkinsorseemingly
wanted, but halid gethimself andhis menarrested and takdn Mexico. They were soon
released and sent back to the United States. The Arkansas River became the de facto
route of choice for movement between the Urfsl anta Feajong what beame known
astheSanta Fe Trail). The U.S. Army @rfrontierentrepreners such aghe Bent

brothers established forts and waystations along the fbugeheyday of these
private/public ventures was the 1840s and 50s.

The firstofficial expedition on te South Plattevas fourteeryearslater. Major
Stefhen Long was sent toxplore the South Platte River to the Rocky Mountain front
thensouthalong the foothills of the Front Range and on to the Arkansas. Part of his party
descendd the Arkansas while thhemainder werstill looking for the Red River that
Pike never found. Lannever found it eithemostly because it does not start in Colorado
as everyone thought. Long's journey did have two impacts. The first is trizchin
James, the naturalist wittong's partyclimbed Pikes Peak even though Pilkeught it
would nevelbe climbed. The second impact had very profound effects. Long and James
were not impressed with the dry lands of the high plains in Colorado. They labelled
"the Great American Dest." This desription had significanhegative efctson the
ability of the nascent Colorado Territory to attract farmers, ranchers, and fathers
decadesAt that time Colorado was a place to get through as fast as possielet®o
California, Oregonand other g@ces farther west.

A little over twodecades laten 1842 John Frémont followed Long's route up
the South Platte, but wittifferent impressions. Frémont was trying to find a railroad

route through the Rockies. ég the wg he meticulougl cataloguedhe natural features

17



of the landscapencluding the many stams leaving the mountain front, and decided that
with a little effort, this part of Colorado could bloom. Frémont mediditional

excursions into Colorado including his 18&&editon during which he tried to cross the
San Juan Mautains in winter stillooking forthe railroad routevest thathe envisioned.
Several of his men died in this misadventure lgedally ended FrémontBopesfor a

stellar political career.

The historyof explorationof the Colorado River during thigtie is less
straightfoward. With the exception of Frémont and Captain John Gunmiborwas also
searching for the elusive railroad route with a bit nsarecess, there was very little
official U.S. involvement.The magrity of the earlyAnglo-Americansin the Colorado
basin wee fur trappers and a few prospectors. Most of the exploration of the Colorado
was done far southwest of Colorado, especiallyatdtver end of the river along the
Californial Arizona borderlandlhere was also the famous John W@gdPowell and his
Colorado River expedition in 1869 that went from Green River Utah through the Grand
Canyon. Again, this was downstream from Coloraday@fter precious minerals were
found on the westarslope of theColoradoterritory did the landscapget the study it
seened to deservelhat saigdthere was an official Spanish foray into the Colorado basin
in 1776, although not to explore the river pe. Two Spanish priests, Silvestre Escalante
and Fancisco Domiguez and eight companions left Sarta in the early summef
that yeaitin an attempt to find an overland route to the California missions. They traveled
north through far western Coloradad the Uncompahgre Plateau crossing the Gunnison
River and the ©lorado upstream from today's Grandhdtion. They never noit to

Californig turningback neawhat was to becomerovo, Utah.
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Now, of course, our four rivers have been studied anddiestuengineered and
re-engineered; and fought ovagain and agai Water isone of the most important
substances in the wdr andmost of the people of Colorado realize that our riagrd the
water they carnare our lifeblood. This book is an attenipiputthe story of these rivers

into some kind of grspective antb providea basis for a better undganding oour

b

Generally, most people in Coloradoe hargpressedd name the four major rér

riverine heritageand future

systemaf the state. Almost everyoman namehe Colorado, but even pdegiving

alorg theeasterrmountain front often aanot name the Arkansas the South Platte.
Beyond not knowing what our four major rivers ahere hae been several studies
about how people in the state feel about water issugsneralBBC, 2016 ad Pritchett,
et al., 2009 are two of the mastienifically based surves). Many respondents to these
surveys do not know that most of the water useatierstaté¢ well over 80%-- goes to
agricultural irrigatiorfor farming and ranching. Indusdt, resdential (bothindoors and
outdoor$, and commercilamake up most of theemainder. Minyof the respondents
responding to eithesurvey know that we havenited water resources in the state and
that drought is an evgaresent problem. A little more thaalhof the regdents feel that
we have enough watér our current need$ut that number goes down precipitously if
asked if we have enough water res@srfor 40 years in the future. Some of the solutions
proposed to help solve this future problemude more resersirs, conservation
(although most oglwant voluntary andet mandatory conservation efforts), education,
andlimiting state population groik.
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Water is one of the most important substances in our lives. It is acutely critical in
many part®of the West, ncluding Colorado. Simply put, we rebé to live. Whetherwe
believe that is sacred or not, it will have a major impact on the way weviork, and
play in Colorado from now into our lasting futufiehe multiple stories of our rivers and
our water are amplex, legalistic at times, and ewvenanging. This booksian effort to
uncomplicate some of the complexiaind to provide the basic knowledge that all
Coloradans should have about the precious resamf water and the state's waterways

that provide it
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Water

Water. One of the most imptant and quirkymolealleson EarthMade up of two
hydrogen ions and one oxygen ievaterseems pretty mundane compared to some of the
other molecules in nature that are extremely comalek aghe humus molecule soil.
Humus is so compatedthat ro chemist or soil scigist has ever been able to
completely describe the componeatsl stuctureof it. But water with just thremnsis
simple, right? One littl&ink of its molecular stucture makes theeeminglysimple
chemical makeup of water int@art ur e 6 s badisdbfrarh the angle t(justauhder
105°) at which the two hydrogen ions attach to the oxyigarmandthe fact the hydrogen
ions are positively charged and the oxygemignegatively charged (Rige 1).The
angle of the ionsransfams the water molecul@to a miniscule magnet with two
oppostely charged poles that attract or repel depending upon how the molecule is

positioned in relation to other water molecules.

Oxygen 27~

Hydrogen1* Hydrogen1*

Figure 1-- The water moleculeith 1 negatively charged oxygen iand 2 positively chayed hydrogen
ions. The angle of the ions in the molecules makes for a small bipolar magnet and produces many of the

odd characteristics of water in nature.
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This geometric odditycauses all kindsfstrange phenomena to ocaen water it
producs the surdce tension weee with striding insects on topadlmwater; it
produces theapillaryaction thahelpswater climb to the topof 300-foot-tall redwood
trees;and,it increasesvater volume by¥% as it goes from liquid water toolzen waterit
keeps gpanding as itsrystalline matrix rearranges itself as temperatures\gailower.
Water also hsione of the highest specific heat valuesmyf substance in nature causing
itto heatveryslowlf iia wat ched pubdkotogve @frits haseryl s 0 )
slowly as well And water isknown as the universal solvefaithough it isnot strictly
universalasit does not dissolve everythijyjgnore substances on earth can be dissolved
by water tha any other material. This fact hasiage influence on owater quality as
the water that runs over and through the soil dissolvesasaltsther mineral©ne result
of this process ithe dramaticnicrease in the salinity of our four rivers in the fasv
decade$ especially the Colodo and the Arkansalcreased salinity, for example, has
a significant detrimental effect on crop production.

As statel in thelntroduction , water is absolutely esatial to life as we know it.
All life on earth depeds on water and its chemical and plogscharacterand itis
perfectly formed chemically to function at the temperatures and pressures that we have in
ourworld. Anyone who lives in Colorado for long$ experienced that early spring day
immediately folbwing a snowtorm-- you canobservethe sun melting thensw at the
same time as there is water vapor in the air. You are witnessing a natural, scientific
dmiracledwhere a single substance can exasen for a short time, in ithree different

phasest exactly the same timiewe havesnaw (solidwatel) lying on the groundliquid
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waterflowing down the guttersand gaseous watas vapor in the aall occurring at the
same momertbgether

One last fact about water needs to be understblmdone ismaking any more of
it. The water we &ve now is the watave are going to hayéasically, foreverExcept
for miniscul e amount gexhdled to thenafmosplzetebyr t hat ar
volcanic adwity, we have all of the water that we will haveanhe future. The only way
we keep geing new snowfalls irour mountains each yean, rains to water our crops
because of the hydrologic or water cyd@asically water evaporates from the ocean
other water sources or is transpired by plantss Water vapor is moved by global
atmaspheric patterns ovéine oceans and continents, condenses into liquid and/or solid
waterin the form of cloudsand pecipitates onto the earth. Some of this witavs into
our streamshat eventually flow to the @ns some goes into groundwater toused

later, and sonere-evaporates immediately to start the cycle once again.

b

It is obvious to anyone limg or visiting Colorado that usually more snow fails
our mountains than at the lower elevations ofsthge. We just take that fact for gtad
i often without hinking about why that occurs. Without getting into the intricate details
of things like v@or pressures or wet and dry adiabatic lapse rd@@spoints or specific
humidity, the main fact is thavarmer air has the ability to hold meowater vapor
without it condenmg to liquidor solidwaterthan colder airlf you cool air and iteaches
a temperature where it can no longer hold all of thierweapor in it, the vapor becomes
liquid or solid waer. A second fact is that as air rsset becomes less agei in other

words there are fewer molecules in a givelumne than at lower elevations. Heat is
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nothing more than the friction of moleculattihng each other as they move around. If
there aredwer molecules, as at higher elevatipthere is less frion and therefore less
heat 7 in other words it is coldeAs an air mass moves up the slopes of our mountains it
is cooled and can hold lesat&r vapor. The vapor must condense into liquid bd so
water that, under the right conais, will become rai or snow.The result of this

moving air up the mountainsdlled orographic lifting) is that the mountains are where
most of the water is anti¢ place where our rivers have the things they resthit

flowing 1 water and elevation.

el

There are many mie physical and chemical characteristics of watgohbd those
just highlighted, but the most important for this book is the fact that ourif@us are
madeup of this crazy material. Water isetthing that flows in our rivers arstreams,
and the workwater does in them and for them is the story o dhiapter.

Water in combination with gravity is the substance most responsible for creating
the landsapes we liveri. When rain falls or snow @ts, most significantly in our high
mountains, that liquidvater can do several thingehe water magvaporag straightaway
and begin the water cycle andivcan soak into the soil to be used immesliaby plants
for growth and transpiration. It cdre stored and slowly moved through thal $o be
either usedy plants at some later time, evaporatadk intothe atmosphere, dlow
through the soil to enter water courses at a later time. It isastinthat up to half of the
water in our streams amvers comes from this groundwat€&inally, the liquid

precipitation or melted snow can also rafi as surfae flow that enters our small rills
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and gullies, streams, or rivers direcflhe water thafflows in our riversdoes the work of
shaping the landvermany, manymillenniato createhe places we inhabit.

The big picture of how moving water transforms and shapes landscapes is really
pretty simple: water erodes soil and rock, it moves this nahtand eventually it drops
or deposits it in a newl@ce. The details of this scenario areit more complexThe start
of this entire process is the physical and chemical weathering of rock into particles small
enough to be erodehd transportelly waer. Theweatheringis what makes the rock
and soil agilable for moving water to pick it upr erode it. Movingvater has energy
in particular, it has kinetic energWateralsohas mass or weight and with the help of
gravity and sloping land, tbo hasvelocity. The word eode comes &fm the Greek word
for i g n aamd awater,runs ovahe land, it erode$e weathered material in all of
its forms and sizes.

The movement and work done by water can be extremely complex. But one way
to help simplifyit is by using diagrams to smooth out much of theablity and chaos
in the systemThediagram belows a smplified (but not yet simpleHjulstrom diagram
showing what happenwith moving water and the material it erod@ansportsand
depositgFigure 2).The diagram puts into visible context thesibghysical equation for
how much enegy moving water hasne half of the mass (or weight in the vernacular)
multiplied times the velocity squared. The more energy, the more ability to erode and

transprt material.
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Figure 21 This isa simplified examie of the Hjulstrom diagram used toostthe erosion, tramert, and

deposition of various sediment sizes compared to water velocities.

The horizontal axis of the diagram is the size of the partieing affectetdy the
moving water This is a logarithnt scale, so theedimensize increass rapidly going to
the right. The vertical axis is the speed of thaving water, also at a logarithmic scale. It
takes more energy to erode small particlé® (tilays for instance) because these particles
hold tighty to each othelbecause of their crialine compositionBasically the faster the
water moves, the biggéne particles that can be eroded. And the faster the water moves,
the bigger the particlebat can be transportetihen & the water slows dowmagwhenit
hits a flatter area in its eimnel) the materiakarts to be depositédthe larger material
first and subsequently smaller and smaller material. It takes really slow water, in a lake
for example, to allow the smallest clay particles to be dépdsio put this in the most

vernaculaterms-- in essencéast water can erode a lot and move a lot; skater does
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not erode much and cannot carry muthe combination of water speed and sediment
size determines when erosion, sediment transport, gousition will take placeAnd in
turnthis combination detmines what our river channels and floodplaik look like,
how they will change over timend what impacts they will have on the adjacent
ecosystems and human occupation

Flowing streams andvers move material in three distingays. First, becaes
water is such a good solvent, many mineratgally get dissolved in the moving water.
The waer in the stream is no longer pure water, but a solution of watescéunes.
These dissolved sulasices may come out of solution dowestm after the watetagts to
evaporate and redeposit the mineralse $econd way water transports material is
throuch the process of suspension. Here water actually carries solid material, usually the
smaller partias, in the main flow of the strearihe third way water tnrasports material
is through the process of moygithe bedload the larger sediment along the bedhe
stream that is too large to go into suspension. The moving water produces friction that

candrag and bounce the material along bloétom.

e

There isan almost infinite varietyf patterns for riveand stream channelhe
details of wateand sediment interactions seen in the Hjulstrom diagram interact with the
larger scale, landscape propestincluding total amount of sedimemtailable, the
dischage or amount of water flowing in the streanriger, the slope angles of the land,
and he basic geology of the area over and through which the riverAling these

factorscombine creatingnhumerable intricate, complex, and &tional channel patias.
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With theimmensely diverseet of landform$n Colorado from our high mountains torou
plains to our plateaus, we get an entire suite obdaiver patterns.

The very headwaters of our rigegprobably demonstrate the simplefsstbeam
channels. Alof our four rivers start in the high elevatsoaf the Rockies. Usually they
begin in a relatively small depression belamountain peak where runoff from rain and
snowmelt coalesce into a smdllbwing watercourse that soon piclkip more water and
stats its decent down s#prock steps. The wateascades over boulders and rushes
downprecipitousslopes (Figure 3). Gravifg in charge and the watesrforced to follow
a course determined biget local landscapi which is one ofdrge boulders seemityg
randomly strewn down the mountain side. Ev&ryoftenthe adolescemniver may hit a
flat area where the water spreadstoform a wetland of willows, alders, bog birch, and
sedgesBeaver, gher former or currentesidentshep create many of thesneadows
with their system of dams and poolsgiiire 4).Soonthe streanhits another steep son

and continues its bouldeletermined trip down the mountain.

Figure 31 This is an example @fhigh energy, cascading steam in tiigh mountains of Cotado. This is

Homestake Creek just below Homestake Dam.
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Figure 47 Italian Creek, a tributary of the Taylor River, has innumerable beaver dams and ptypalsal

of mountain streams in the highlleys of Colorado.

By the timeour rivers leave the gh mountains and either start their flow over the
flattened plains obegn cutting their way through the western plateaus, they have gained
considerale amounts of wateand sedimenfirom countles tributaries. They are real
rivers atthis point, or at last what we call rivers in Colorado. The form of the channels
starts to cange dramatically at this point. The slope gradients are much shallower; the
boulder strewn landscape of the mountainsgyvay to flat lying sediments andkaty
horizontalgeologt strata. As the waters exit the mountains, it is as if they are finally
unbound by their hard rock constrictions. Thesr spreads out and flows asaemingly
slower pace. Whethe water flow eocounterssome small impedimenthe flow may be
slightly divertedin one direction or anothethe water movegenerally inthe new
direction until itno longerhas the energy terode its bank and it is turnedckto start its
flow in the other directionThis process continues and the rigkannel form takesma
sinuous, meandering routeh at wander s f r o moaplasmtogshede of

other These meanders will continue until there is someidralsange in the landscape
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over which the riveruns. Sometimes it continues until i

reacheendtOhe river o6s

course there are an infinite number of small variations caystetlrhaos of the land,

but thisgeneral form of thesmeanderingiver patterns is seen throughout the world

(Figures 5 ard 6).

Stages of Meander Development

Mountain
Cascades

Oxbow Lake
e Formation

(. Nearing Neck
Cutoff

Figure 61 A quintessential example of a meandering strédhisriver reach is part of the Middle South

Platte River in South Park.
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Fly fishers everywhere recognize and depen this configuratin of meanders.
Where the water is fordeto turn, it creates a cut bankhe water is deeper on this side of
the channehnd there is often an overhang that fish love to occupy during certasropart
the day Just across the chanrfiedm the cut bank ithe point bank this isashallow,
often gravel strewrarea.The riverreaches betvan cut banks areftenwatersthatare
not as deep as at the cut beakd not as shallow as the point banhkhese arealled the
riffles. The angles know thesdlifferent parts of the river because the fisley are after
know and use theskssimilardepths and speeds of the riatvarious times for various
reasons.

Over long time spans these meanders caarbeenore and morgnuous until, at
same point, the riverrdes through the narrowed neck and t@®a cutofi often the
cut off part of the river remains for some time as an oxbow lake. Eventually thenéake
dry upand becomgust a part of the flogaain itself. Old cutoff oxbow lakesam often
be identifiel from above more easily than on the gnd.

A third basic kind of channel is found downstream of areas that provide large
amounts of sediment of various sizes from laygerel to sand, silt, amday. During
high flows that mosbftenoccur during sprig snow melt in the mountain headwatehg
strean’s/rivers ability to carry sediment is greatly increasEge large amounts of fast
flowing water carrying this debrisdaol eventually exits the anntains and encounters the
vastly lower river gradients ithe plains. The water slows and staotsleposit the big
load of material, clogging the channel of the river with more sediment than it can move.

As the river struggle®tcontinue downstream thugh all of this material, it starte flow
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in small, intetwining channels that resemble badlpided haiFigure 7. In fact this

kind of channel pattern is called a braided stream. From above it appears to be a chaotic
colledion of separate strearhannels that merge then split then geeagairi this

patten can continue until the river has egblenergy to move the sediment provided
todayds envi r on nvertldws ly Lisinglams andesdrvbiigamnganage

the timing of release foravnstream use, there are fewer riverth the major pulsesf

large sediment movement and depositiBut, as we will see below, at least one of our

four rivers has a historical legacy of this process that we can clearly see today
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Figure 77 A schemat of the branching, interlaced chanself a sediment clogal braided stream.

a2

When John C. Frémont explored along the South Platte River in the summer of
1842, he found a river chell in gravel with innumerable shiftingphemeraislands and
multiple, crisscrossing small channels. If hedibeen here in earlylay, he woulchave
found a river in full flood stagfom the melting mountain snowpacérrying huge
amounts of sedimemownstream. But those big flowsould haveonly lased for a few
weeks.The lower flows of summewould nothavebeen ablenove the dbris any longer
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and vast amounts of mostly sand and gravel were dumped in the middle if the river

channel This sediment ceged innumerable small, temporary islands inctiennel that

the movirg water had to navigatound and tlmugh The landscapwould have to wait

until the yearly snow melt flood the next year to get the sediment moving &gaimont

also found a rivevalley basically devoid of tredsany saplingshat got started in the

valley during the summer months wéleded and dislodgedur i ng t he next yea
spring floods. The current channel pattern of the South PlattePlatteville to the

Nebraska staténe is the nowatree stabilized braided pattenots e en i n d&gyr ®mont 6 s
Water loving cottonwood trees éother vegetationowadayscreate a heavily wooded

riparian zone important for animal habitat all along the rixarexample of the relic

braidedstream can easilye seen in the satellite image of a smait pathe South Platte

(Figure §. The treedining the water coussare in stark contrast to the searid

grasslands through which the South Platte rlihe.tempoary debris islands are now

semipermanent athere is seldom enough water in the river to rewbeknt into new

landforms as was an anneaentbefore the nddle of the twentieth century

Figure 81 The South Platte River east of Greeley is a quintessential example of a relic braided river.

(courtesy ohttp://earthexplorer.usgs.goy/
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Theheadwaters of the Aeksas River from Tennessee Pass to Cafion City have
several channel patns that ebb and flow. But mostly this upper reach of the river runs
fast over and around rocky stretchdsich create signi€antrapids. It has a relatively
ste@ gradient that keegke water movingt high speed, at least for a riv€his is what
makes the Arkansasogreatfor rafting. Like all of our rivers, when the Arkansas exits
the steep stretches of the mountainsemtérs the flat lying plains, it sl@adown. The
Arkansascarries sediment as any river does, but historicilioad was lesthan the
sediment we see in the South Plaéigeause the Arkansas has lower flows and somewhat
more resistant landscapes ugastn than the Plattd here is some biding of the
Arkansasas it flows east, but it is more otypical meandeng river complete with cut
banks, point banks, riffles between meanders, and oldwrhtoffs. The scene in Figure
9 comes from a section afsatellite image between Boone andvigr along the river
east of Pueblo. There are no oxbow lakestaning water any longer, but thdandform

remnants can easily be seen at several pwiritee floodplainalong this reach of water.

Figure91 A fine example of mature meanders along Arkansas River beeen Boone and Fowler.

(courtesy ohttp://earthexplorer.usgs.qov/
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The Rio Grande probably has the least dramatic departure from the mountains of
any of our rivers. The verupperstrethes of the river argteep and rocky, but the river
enters a relatively broad and level valley from some distance above Creede all the way to
South Fork where it enters the San Luis VallHyere areneanders and weithds in these
reaches, bithe tuly intricate and weltlewveloped meandering system of the Rio Grande
comesbelowDel Norte. This stretch of the river could be used in geomorphology
textbooks as thexample of theuintessentianeander river. Figure 16 asmall reach
of the river betveen Dé&Norte and Monte Vi in the Valley. It is complete with
multiple, very sinuous meanders and oxbow lakes that are still lakes. Both the Arkansas

and the Rio Grande are lined by the riparian vegetation so imptotaiitlife habitat.

Figure 107 The nuch more highly deveped meanders with oxbow cutoffs alohg Rio Grande between

Del Norte and Monte Vista. (courtesyhifp://earthexplorer.usgs.ggv/

The main stenof the Colorado River exhibits a whatariety of channeldrms.
Its very top reaches are the same relatively straight, cascading waters we see in the other
rivers. But the Colorado enters the relajvitat Middle Park immediately aftet leaves

the regwvoir system for the ColoradBig Thompson project (Grandake, Shdow
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Mountain Reservoir, and Granby Reservoir). Because of the volcanic landscapes of
Middle Parkthis valleyis not as flat as the other parks in the state, so thareasation
of chanel forms including meanders and soareas ofninor braidng. Jusdownstream
from Kremmling and its merging with the Blue River, the Colorado ef@ers Canyon.
From this point to the area west of Glenwood Springs, the river rumsgthmultiple
canymsand steep stretches. But in somgpexts the most intesting pat of the
Colorado is just west of Fruita to the Utah border. Geologically, this is the far
northeastern edge of the Colorado Plateau. The Plateau covers about 130a0€0 s
miles of Colagado, Utah, New Mexico, and Arizond.i$ generally a geogically high
area with flat lying sedimentary rock that has been uplifted en masse. As rivers run
through these uplifted sedimentary strata, they tend to cut down into thesrtiok
plateaus anthesasareupliftedi muchasif you moved a layer cake upto a slarp knife
that was being held steady. The first such downcuttitwtie Plateau takes @a in ths

last reach of the Colorado before it exits the Sfaigure 11).

Figure 111 Theseare entrenched meanders typical ofetichannels throughdthe Colorado Plateau.

This is the ©@lorado River just east of the Utah state line. (courtedyttpf//earthexplorer.usgs.ggv/
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As the river movesouthwest from Fruita it enteesseres of canyons includg
Ruby andHorsethief Canyos These aré¢he first examplgof what the Colorado will be
doing for hundreds of miles until it finally exits the Grand Canyom Qedlville, Nevala
where John WesyPowel | 6s 1869 e »lgaldRiveriendadramo wn t he
Rattlesnaké& anyon to the bordgthe river channel pattern is a string of entrenched
meanders. These were originally meanders just like the current otesArkansas and
Rio Grande. But vih the rapid uplift of the land, théver eroded downwarduickly (in
geologictime scalesand cut the meanders deeply into the platdbuost allthe iivers
throughout the Colorado Plateau haveated these entrencheanyons that diee the
SouthwestThe landscapesf Canyonlands and ¢hGrand Canyon are &wn worldwide
for their deeply entrenched meanders. Horsethief Canyon is just the first taste of these

spectacular landforms created by the Colorado in our Sesthw

el

The rivers of Colorado ruwith the watethatinherently hasheremarkable
gualitiesthat all water has. The landscapes the rivers create and the life that the rivers
support all derive from the water. As Coloradans we should be especiallfuhuhthe
marvel of what our riverdo and what they should mean to A$.the molecular scale
water has the most intriguing qualities of any natural substance. With no trace of
hyperbole the water at the macro scale in our rivers makes the life warm&aorado
possible.

There is litte water in the state that is not used;ned, fought over enjoyed.
And most of that water is concentrated in the streams and rivers that all flow from here to

states and countries downstream Hegaclitusof Ephess once saictirca 500 BCii N o
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man eve steps in the same river twice, fosinot the same rivand he's not the same

ma nOQuporiver waters continually flow and are renewed each moment as the snows melt
and the rains fall in the high mountains and apidwrched plains and plateaidi$ie gaod

news is that the evgresent andniexorable hydraulicycle with its evaporation,

transpiration, condensation, and precipitation keeps the rivers and streams of Colorado

flowing.
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Watesheds

When precipitation falls, tvether as rain or as snow, much ofitl soak or
infiltrate into the soil. Some of it will evaporate or sublimate back into the atmosphere
and move elsewhere as water vapor to become precipitation once motbeAast will
trickle and flow downhill géher immediately from the rain or evenally after the snow
melts. Usually, the beginning of this flow comes as sheetivasierm used by
geomorphologists that implies the water runs more or less as a contsheetisr
surface runoff. Because of the gtitous variations in the land surfaaed the type and
extent of vegetative groundcovghe sheetwiill soon start to cdesce ino small rivulets
running downslopeThese rivulets, in turn, oftemergeand becme somewhatarger
waterchannelsThis segence continues until these small wataurses come togethe
into what we would consider a permanent stream. This streamdslthimation of all
the downhillflowing water that feeds it. The land area that tepsuced and focused all
of this wateilinto the stream is considered its basimatershed.

This small stream'svatersheds but one of collection ofstreams and their
watershedshat will eventuallycollectinanevebi gger stream. This next
watershedmuch like the Russiad atryoshkanesting dolls, is made up of all tenaller
basins that &ve contributed to its water volumEventually,this cascade of smaller to
larger streams becomes one of our rivEhsvial geomorphologists have actiyatreated
a system for numbering the lexalorderof each of the streams as ge from the
smallesft(first orderstream basin) to ever larger basimsvatersheds. For example, in
one such numbering system, the Mississipiper watershed would betarth order

basin The Platte and Arkansas Ris that begin in Colorado are actyaighthand
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ninth level watersheds respectively that eventually fisedMississippi. This tessellation
of small watersheds would look like a complex mosaic if all of tis¢ evel watersheds
were outlined on a watshed mapSecond order watersheds arade up of two or nre
first order streams and their watershedsgtbider ones are made from multiple second
order watershedsnd so on until the flows end at the fartrég®vnstream poirit sea

level (Figure 1).

Figure 11 Thisdiagramshows théiierarchy of watershedand their odered streams. Be aware not all

watersheds are outlined.

Watersheds are thmaturalsystems that collect and transport water downstream.
But they ae much more than mere hydrologonveyer belts. In many wayilsey are e
unifying systenfor the naturbworld. With the possibleexception of atmogyeric
processes, wat mossirhpertribrganizirg entittes for mre 6f the
processes and materials in a functioning emvirent. Water is moved through a
waterded, of course, bubsare the poducts oftheweathering and erosion of rockd
soil. Less of this sediment will be moving in a wedigetated watershed, increds
sediment in more barren landscapes. The ecosystairtsabitats of watersheds are not

uniform, but the basin @s provide a organization to the distribution of natusall
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occurring vegetation patterns. For exanlpled adjacent tavatercourses oftesugort
riparian (along the watercourse) ecosystems bedese is more moisture availalbe
plant growth and pieagationthere than in other places within the watersh®gay from
the stream ecosystems that can tolerate drier environments will devietsp.dre, of
course, wide variasto this scenario, ahif a watershed is large with highhariable
elevations &s in Coloralo), plant communities wiltangefrom those alower heights in a
continuum up to the highest points in the basin. Watershedatbastics will also
dramatically affect the water glity at the exit point from the basto the next larger
stream or at&a level. The human habitation intensity, humtend usespwnership
patternsand population numbers within the basin along witherosional characteristics
of the land surfaces dfi¢ watershed will all contribute pasily or negatively @ water
gualty and quantity
The patterns of human ocatpn of the land are often at odds with the land
itsel f. We temditnoe etrhoi mskolwe icanrs fteo pr obl e ms
drainageissues bad soilspr uncooperatig geology. Land ownehip and orgnization
often dictate how land is settleddansed.TheLand Ordinance of 1785 established the
U.S.Public Land Survegystem (referred to as the Range and Township systith) a
few fits and starts, the final model thfis system was basedn fit gsvwon s thiat wer e s|
miles by six miles. They werorganizeacross much of the Midwest and Wbkt
regional principal meridns. Most othese landareprescribedy thissurveysystemto
this day Coloradas part of threeseparate principal migiansi principal meridians are
the organizing basis fdarge statesized portios of land. Most of Coloradois organized

under tke 8" Principal Meridian established in 1855 in Nebraska. Pustif the
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southwestern part of the staare under the Netexico Pringpal Meridian also
established in 1855, andsmall part of far western Colorado uses the Ute Principal
Meridianestabli®ied in 188(Figure 2) This rectangular land organization works
reasonablyvell in the relatively flaand wet East. Butsgyou move vest and up into

mountainous terrain, the systds very restrictive andftenless than useful

(-

ut

AZ

Figure 27 This is a map of th®.S. Public Land Survey systems for Colorado.

John Wealey Powell realized that the Uniteth&s Public Land Suey system
was not optimal for providing what settlers in the West neédedstly access to water
for irrigation. He suggsted in his seminal worlReport on the Lands of the Arid Region
of the Urited State$ with a more detailed acunt of Utah(1879),that the atire arid,
semtarid, and mountainous West should be organizederaayanically, primarily by
watershedsiot bythe straight, topographically blind sets of meridians and paréiials
comprise the U.S. Public Land Surveyitasxists now and ested in the 18704is ideas
are discussed at considerable length in thetehal oo Little i Too Much, but the
essencesithat in order for the optimal use of the landifogatedagriaulture,a system

organized by the occupantstbe watershed is donly logical method for allocating land

42



and scarce watemnd for assemblinthe communal resources necessary to build the

neededrrigation infrastructure

el

Each ofColorado'sivers has its wn watershed made up of innumerableaen
watershedshattesselate into the mosaic of landscapes that we encounter on thd.grou
Eachof these landscapes is composed of manyraleéimd human factors including
complex geolod relationshipssoil types ecosystem patterns, the hydrologiés
drought and plentyindividual and smalkcale landuses, and the large overarching
mana@ment oflarge land tracts bghe federal governmenivhile Powell's proposal
would have directly d&cted how agriculture wanducted in the West, watersheds are
much more complex, maral, systematic, and coherent thast a way to manipulate
water fa humanuse When we layer one of the factors thatkeap a watershed upon
the myriad other layersf these factorsa watersted becomegthe logical if complex,
structuralschemdor the land.

GEOPHYSICAL SETTING

The foundation for every watershed ig thedrok geology beneath the surface.
As describedn thelntroduction , ours is a complex of harder and softer rock arranged
and incessantly rearrangég global tectonic forcesmassie uplifts andcyclic erosional
and depositiongberiods over the laseverahundred million year¢seeFigure 3in the
Introduction). This core of our state variesnsiderably within each of ofwur
watersheds as well as havingrsf@gant differencedvetween the watershedss stded in
thelntroduction , the simplest, lthoughn ot si mpl e, wat ershedds geo

Grande basin. Virtually the entire western half of the geological foundatewolcanic
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rocks of the Cenozoic Brthat began to forrsome 34 million years agdn the San Luis
Valley, massivalluvial (rver) and glacialdepositghousands of feet thidkll the
geologically sunken valleyrhese depositare unconsolidated amave a tremendous
ability to holdlargereservoirs ofindergound water in multiple aquifs.

Theselayers or strata of very Ise sandand gravels contain vast amounts of
water. There are also strata that are made up of small, clay sized particlesdbdie
and overlie the aquifers amdsentially isolaténe various aquifer layerSome of the
aquifersarevirtually at the sirface @ the valley and others at various depthsngaiown
thousands of feet. Some of the aquifers are connected vertitaleyathers are
effectively isolatedThese physical charsaristics created by the sediments carfrem
the mountains alsbelpedcrede the need for the complex of water lawse (& Law
Chapter) that at timead land-owners and ecosystems andather times hinder the easy
use of wateby both humans anddématural world.

As with all of our rives, the Arkansas starts inethigh nountains of central
Colorado in an area of ieold, Precambrian intrusive igneous rock. It quickly descends
into the tough of the Arkansas Rivénat runsbetween the SawatchaRge to the west
and the Mosquito and Tevlile Ranges to the east. Bhwalleyis the dowrdropped
graben formed by tectanimovements of the Rio Grande rift north of Poncha Pass. The
valley bottomconsists ofinconsolidategjlacial am fluvial-glacial delis with the
mountain sides having thetiasive rock of the Sawatcmd the ntrusive and Tertiary
sedimentary rock of thielosquitos and Ten Miles.

After the river flows through the dramatic RbyGorge carved in more intrusive

rock with some ancient ni@morphic inclusions, it bursts into tph&ins of eastern
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Colorado.lt flows eastward toward the Kansas border in a vabdsed landscape @&t
to gentlyrolling sedimentary rock of the Mesoza@ge and a large quantity of
unconsadated alluvium depated over the last several thousand yeboslay's Arkansas
River andits depaits have minimal impact on the vast areaaitheastern Colorado.
Most of the sediment is confined to the river itseld its narrow floodplain. The
sediment train moves slow| but inexorably downstream, some dfeinporarily stored
in reservas like the John Martin, but eventually it will d#ave the state and find its way
to the Gulf of Mexico.

By far the largetsportion of thePlatte Rivetbasin inColorado is drainetly the
South Platte River. Its geology while winding its way throdghrmounains is not
dissimilar to that of the ArkansaBut once it exits the mountain front and angles
northeast after it pass through Denver, it flows ev a vey different landscapéeit the
end of each of the multiple glaciations that took placeerhigh nountains of Colorado,
immense deposits of Ise mineral debris were left behind. Much of this material was
eroded by sbng and incessant winds, migstoming out from the southest. These
winds pickedup theeroded finer particles of these depgsithesand, silt, and clay sized
particles. The snilest of these mineral grains were the clays. They were so small that
theystayed in aerial suspensiar thousnds upon thousand$ miles. Much of this
material actually made it across the AtlantibeThextsmaller material was deposited in
places suclas what wenow know of as lllinois, lowa, and Indianawhat was to becoen
maybe the finest farming don theworld. The larger sal grains did not make it that far.
Most of this material waset downin vastsheets over northeastern Colorado and in

places like the Sandhills of Nebraskdese sand deposits are what the Seldkte
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flows amongst as it wis itsanastomosing way towethe town of Julesburg and the
Nebraska border on its way to mergéwvthe North Platte River near the appropriately
nanmedtown of North Platte, Nebraska.

The Colorado River spentlse mostime/distance of all our four rers in he
mountains carvinganyons such as the Gore and the Glenwtiddas the greatest flow
of all four rivers and does the most geomorphic workeshaping the land. It eroded its
own passage through the Grand Hogbauk ffows under the Roan Cliffe exitits
mountain landsqaes at Palisade where, over manglennia, it has deposited massive
aluvial sediments into what we call the Grand Valliky.sediment and its water have
helped humans createenfthe most fecnd farming regions in the s&atOrchads of
peaches, appeand cherries mix with vineyards and winerigisis abundance givdny
the iiver lasts a mere 25 miles or so until theeriagain enters the canyons just south of
Fruita. At this point the riveis in the terrain we call cgonlandsthat are a productf ats
flows and erosion all the way tbe Grand Wash Cliffs just upeam fran Lake Mead.
SOILS

William Bryant Logancalls soil "the ecstatic skin of the Eartiie makes an
elegant case for timportance and beauty sbils, becaus il, along with tte sun,
water and thair around usis what makes it possible for uslive on this planetAnd
like almost anything els@ the natural world, soils are extremely complex and varied. In
biology we deal with the complexitof all organisms by using a taxomic system that
goes from the least numerous called domains dovavarbranching tree until we get to
genera(genus) ad species. With soils we have a-&xel taxonomic system starting

with the 12 orders branchingaa to some 1@00+ soil seriesThe entire United States
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is covered by the 12 orderrsall of the ecologcal andclimatic diversity of the country
contains aly these 12 major classes. Colorado, with its huge variation in eleyvation
geology, and precipitatn patterncontainsexamples oéight of these 12 classedur
soils are created in extremely divelaedscaps fromthe oftenscorched shortgrass
prairieto the fequently snowbound foothils; from the tundrdike alpine to tle near
deserts of our wésrn plateausand mesas.

Soils derelopslowly in conjunction with their past and present environmértis.
geobgy or mineral parent material, the climatespecially the amount and distribution
of water and temperature, the tgpnd proliferation of \getation, andhe topography
on which they develop are all critical to the complicated processes midddrspilupon
whichwe, and most life, depend. All tdie factors are themselves complex and varied
and progress at various eatover long periods ofte. Togethethey produce almosh
infinite variety of soil around the world, the U.S., and Color&tlomans pt things into
classes so that we can compmett and, at least partly, understand the natural world. We
cannot deal wit aninfinite varietyof anythingvery well. The 12 ordersf soil
determined for the United Stataethe culmination of manyatades bwork by soils
scientists to try to make s&mof thatomplex,valued substance under our feet (NRCS,

1999)(Figure 3.
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1998 Dominant Soil Orders
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Figure 31 The map of the soil ders in Colorado. (cartesy of the Natural Resource Conservation

Service 1998.

Each of our four river basins starts in the high mountains of the state. The soll

forming conditions in thosareas e severgespecilly in the winter, and varglmost
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continuously as elevatits change dramatically over short distances. These conditions
produce an intricate and seemingly indecipherable mosaic of different soibtypas be
seen in Figure 3lang both sides othecortinental dividel thattopagraphicline lying
between the @Qorado Basin and the three other basBig because we undgand many
of the processes algy, we can actually seend explairwhy the soils develop as they
have.Themost conmon soil ordein that high elevation regiois the incgtisols. These
are sals that are just barely beginnitg developas soil even thagh they have beeat it
for 10,000 years or more. They are just starting to exhibit the corfinooizor

structure hat soil scientist use to describe soil. T$esoils a& so "new" becauseeh
environment that they are in does not allow for much chémieathering to take place
with too cold a winter and too short a summer. There is a soil order thegriless
deweloped than the ageptisols the entisols. iese soilhiave no horizon devgbpment
and are the least weathered of any soil order we fA&ese soils are in their infancy of
development and may never reach any kind of maturityesehigh elevaibns.

At altitudes just blow the treeless alpinertdra whereaupright trees starptbe the
dominant vegetation and down into the montane zoeeyet a soil order that is found
throughout many forested areas of the country. These are the alfisohabdsethe
second most aomon soil order in the emé U.S. Thg are not particulayl fertile, but the
large amount of organic matter contributgdthe forest helps to keep them fertile
enoughfor forest growth around the country

The most surprising dmrderthat exists at Igh elevations in our mounte are
themollisols. Mollisolsare most often connected with the fertile-tathss prairiesoils in

the corn fields of places like lllinois, lowa, eastern Nebraska and Kansas. These prairie
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soils devéoped umer the lavish vegtation of the grasslandRoot systera of these
grasses gdown many feet and when decomposed add huge amounts ef degénic
matter to the soil year after year, century after century. There is a small but important
area inthe high mountains thasianalogous to the deep ggaoots irthe plains. Where
smell lakes form, especially in posflacial landscapes, lavisttands of willows and

alpine forbs grow in proliferation. Thaollisol soils developed under these vegetation
standsare organic richdeep black soils.

Oncewe reach thedwer elevations obur watershedsthe soils mostly change in
response tower precipitation rates. Figure 3 shows large expanses of a soil order called
aridisols. These are mostly in the RBoandewatershed in theah Luis Valleyin the
northern half é the Arkansas basim eastern Colorad@and in the far northwestern
correr of the state in the Colorado River watershidte name "aridisol" tells most of the
tale on the development of tleesoils.They are createith very dry, aridconditiors
where thee is not enough praatation for much chemical weathering to take place.
aridisolparadox of sorts is that if you add water, say through irrigation, the soils can be
quite good for mangrops. he issue, of coursé getting enough watéw these sdé in
this dry envirmment (see the chapters on Diversions and Law).

Souh of the Arkansas River flowing to the east in the plains, we get a very large
expanse of entisols. These are theesanderas the entisols ithe high mountains, but
instead of deglopment being stymeeby the long, cold winters, it is slowed here bessau
of the lack of moisturé much like the aridisols. There are large stretches of entisols in

along the South Platia northeastern Colorado vene the soil is developingn those
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sand dune formations id down by the pogglaciation winds coming out ofi¢
mountains.

The South Platte watershed in the eastern plains also has arkaigémollisols
T those beautifuldark, oganic rich soilfound in the Midwest. The nlicsols herecould
probably be déed mollisotlight. They are technically mollisolbut they lack the intense
fertility of their siblings to the east. Nonetheless, they can be very fecund when water is
added hrough various irgation schemes. In mislimmer you woull be hard pressed to
see the differencbetweerthe corn fields of Morgaountyandthose in central lowa.

The lower elevations of the ColoraBiver basin show more complex mix of
soils than do tle other three watsheds. This intricacy obss types ases from the
compleity of the land. The three most common soil orderthe basin are inceptisols
(relatively undeveloped soil), alfisols (forest soils), and mollisols (moderately fertile
grasslad soil). At this pint it is well to remembethat we hae only been talkingbout
the 12 soil orders there are, in reality, mdreds if not thousands of different soil series
in the state. The soil order map (Figures3gomplex already. It wdd be unreadable at
this scale if we were to attempd map thevery real variationm the soils of our
watersheds.
VEGETATION/ECOSYSTEMS

Unless you work with it or are incredibly curious about what is under your feet,
soil, and all of the natural process thaproduce it, is dficult to understand. But
everyone camelate to the vegetian cover on the landscapes that surround us. Most
people recognize the basic types of vegetation we- segether just trees or shrubs or

flowers or vegetables. Buts @ thecase of soils, thie is an overwhelming corfgxity to
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the plant world that keps most of us from really knowing and understandavhgt plants

do and how they interact in the natural world. And, as also in the case of soils, we have
created a humaatesigne plant classificabn systemThe Swede Caltlinnaeus

edablished the basias our plant (and animal) taxonomy in the rajhteenth century.

We all learned in high school about the way we divide plants into genus and species. This
of course is m artificial human concephut it is useful for heling us makesense of the
hundred=f thousands of different plants in the world. Buen a few hundred thousand
plantsaremind boggling for most of u&cologists and biogeographers have lumped
plants ad theirenvironments in@mething called ecosystenfn ecosystm is a

particular cdlection of plants that associate with each other given environment with
certain soils, climates, and topography.

An example of this in Colorado would be the pondarpineecosystem of our
foothills and lower elevatiomountainsThere are, of couesponderosa pindns this
ecosystenbut alsokinnikinnik, mountain mahogany, common juniper, shrubby
cinquefoil, dwarf mistletoe and a myriad of other plants that firdghtchof ground and
thesurrounding plants amenablThis eceystem is also defieby the coarse soils, the
warm summers, and a narroange of precipitation amounts. An ecosystem can be as
small as a few square meters or as large as hundreds oheusartd®f acresA map
of the entire state dfoloradorevealsmany ecosystenombneinto a larger

classification called ecoregionsigkre 4).
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Colorado EPA
Level Il Eco Regions

EPA Level lll EcoRegions

Alpine Zone
Arid Canyonlands
17\ Crystalline Mid-Elevation Forests
Crystalline Subalpine Forests
| Escarpments
Flat to Rolling Plains
Foothill Grasslands
| Foothill Shrublands
Foothill Shrublands and Low Mountains
Front Range Fans
| Grassland Parks
| Laramie Basin
Mesa de Maya/Black Mesa
| Moderate Relief Plains
| Monticello-Cortez Uplands
Piedmont Plains and Tablelands
Pine-Oak Woodlands

| Pinyon-Juniper Woodlands and Savannas

Purgatoire Hills and Canyons

Rolling Sagebrush Steppe

Rolling Sand Plains

Sagebrush Parks

Salt Desert Shrub Basins

Salt Flats

San Luis Alluvial Flats and Wetlands
San Luis Shrublands and Hills

Sand Dunes and Sand Sheets
Sandsheets

Sedimentary Mid-Elevation Forests
Sedimentary Subalpine Forests
Semiarid Benchlands and Canyonlands
Shale Deserts and Sedimentary Basins
Uinta Basin Floor

Volcanic Mid-Elevation Forests

Volcanic Subalpine Forests

Figure 47 The map of the Coloradecoregiongcourtesy of the U.S. Geological Survey, 2006).

As is usual for the upper elevationsall four of our basinghe high nountains

arethe mostomplex regon, clealy evident in Figure 4All of the greens othe map are
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mountain ecoregions that include the alpine zone above treeline, stalorg (referring
to rock type) subalpine fest, the crystalline miglevation foests, and others. €lSouth
Plate waterbed and the far eastern Arkansas watershethahe high plaindExamples
of the ecoregions there include rolling sand plainsdenate relief plains, and Front
Range fans. fie western two thirds of the Arkandaesin is covered by hat is calledhe
souhwestern tablelandsith ecoregions such ggedmont plains and tablelands, pinyon
juniper woodlands and savannas, foothill gieasds, and sand sheets. The Rio Grande
basin h the San Luis Valley has its own un@ecoregions for Catadq strangly called
the Arizona/New Mexico plateaiThe four eoregions included here are the San Luis
shrublands and hills, the San Luis allulats and wetlands, salt flats, and sand dunes
and sand sheets (of course refertimghe Great Sand Des National Rrk and
Preserve)The areas of the Colorado basiriside of the mountains are made up of the
Colorado Plateau. Some of the ecoregions Irclude shale deserts and sedimentary
basirs, semiarid benchlands and canyonlaaasl arid canyonlasdEven withthis
lumping of ecosystems into a larger scale sysiem still complex and somewhat
overwhelming.

Anothersimpler way to view our vegetation largesséo look at the total amotin
of vegetation in a place. Ecologistsd biogeographergten call ths the tdal biomass of
an area, usually in grams abmass per square meter of land. As you might expecgdoin
this kind of measurement could be beyond oneraugasuring every singlsquare
meter and its vegetation anmiun the entire stat The simpleor easy and realistically
probably the only, way tdothis isby using the technology of earth sensing l§&te. A

short tutorial on how energy from the sun interacts with thié &am order.
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The energy coming fra our sun and evenylter objectm the unverse can be
described using the term "elezimagnetic spectrum (EMS)." Everything from cosmic,
gamnma, and xrays to visible light, thermal energgll the way to radio wavesre
generated and emitted from ounsiWe on earth deperuh this enagy for rearly 100%
of our needs. But not all EMS eggracts the same way. To make it simple let us just
look at the visible part of the energy coming from the @and how that band @hergy
interacts with vegetation. Ttahlorophyll that gren plantscontainis what makes life on
earth possible. It produsearbohydrates usingater and visible energy, to be raor
specific,the blue and the red ends of the visible EMS. In other woads af the sun's
energy that is used build plart materid comes fronthe blueand red bands being
absorbed by chlorophylihe green part of the light reflects off of the chlorgphand
bounces into our eygtherefore, we see green. Jasyondthe ral part of the EMS is
another band ofreergy called the neanfra red. This partof the sun's energy is almost
totally reflededby the same chlorophyll that absorbs the red and blue

When we compare how much red a sensor cawigkehe amount of neanfra
red, we can tell pretty precigghow much chlorophyl or plant natter, we have. There
are many, many ways that scisté manipulate the red versus infe to give us
biomas amounts. One of the earliest and simplest is a method called thellreama
difference vegetation index (NDY" This algoithm uses a very snple rato method to
compare the two and gises a @od estimate of how much biomass is in an area at any
given momentThescale of the NDVI is from +1 (very high chlorophyll congatibns)
to 0 (no vegetation) tel (rock and other mineraboil only). We can ke any satellite

image that has the two bandf red and infraied and do an NDVI. To illustrate the
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power of this technique&omparea time of severe drought in Colorado (@sner day in
2002) and a period of medately high precip#tion in thestate (ssummer day in 2014).
Figure 5(a and bshows very dramatic differences between the two days. Althest
entire eastern plains in 2002, both the Arkansas and South Plattsh&die have very
low chlorophyli(i.e. biomassktoncentrabns. The fawesternedge of the state also has
low vegetation. Yu can see that even in the normally wetter mountaitha;aghyll

levels have been reduced significantly. In contrast the 2014hwaps a very healthy
vegetation covein most of the stat&’he South Ritte bain has some low levels of
chlorophyll, but hat is a normal condition for that region. Than Luis Valley also
shows some chlorophyll deficits whichalso normal. The far @stern side of the state is

low but nd nearly as low as i8002.

Normalized Difference Vegetation Index

wm High Biomass

. B Low Biomass
Colorado 2002
Vegetation Index
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U Normalized Difference Vegetation Index
wom High Biomass

— Low Biomass

3 Colorado 2014
7R Vegetation Index

Figure 51 TheNDVI for summer 2002a) and 24 (b) determined by the red and neafra red bands of

the AVHRR NOAA satellite (courtesy of NASA GIMMS).

Figures 4 and 5 illustrateglrcomplex natre of vegetation in ouraturally
complicatedstate. We have wide variations in our ecosystems mostly dependent upon
elevation. We also get wide variations in the amount and health of our natural
environments bsed on climatic and meteorologi deviatios, particularly precipit#on
amounts over wées, months, and years. The health and vibrancy of our four rivers

depend on what is upstream in the rivers' watersheds with vegetation being one of the
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mostimportart components of this. To undeast our rives, we must understand the
natural systems ofeglogy, soils, and ecosystems that contribute to those rivers.
FEDERAL LAND

But the health and vigor of the rivers depends on more than what nature gives us
The ugsof the land in each watershieda signifcant factor in how thoseatersheds and
theirrivers reactMuch of our land is privately owned. This is particularly true of the
eastern plaing the areas drained mostly by the South Platte and ArkdRisars There
are always some restrichs put on gvate ownership you cainot rent out your lad for
a toxic waste dump without strict permitting and building requirements for example.
Most of the land outside of our urban areas is used for farmohgasching, and this
land alsas restrctedlegally, socially, and naturallysee the chapters @iversions,
Compacts, and Law). But the largest single tamder in the state is the federal
government, and what happens on these lands in our watersiseal$ibg impact on the
health and prosity of theland itself and the peopbnd other organisnthat depend on
it.

In Colorado the federal lands make up 35.9% of the'st6e485,760 acres
Figure 6 shows that most of thénd is in the western Haf the state Of all the federal
land the most isnanagedy the U.S. FordsService (60.67%ieleven separate
National Forests and Grasslands (Tablel'hg Bureau of Land ManagemdBi_M)
manages most of the remaining federal land (34.92%). Thaimder d the federal land
is owned byhe National Brk Service (2.77%), thedpartment of Defenge91%), and
the U.S. Fish and Wildlife Service (.73%). The Forest Service and the BLM seemingly

servedifferent purposes, but when you look at their missi@temats, they are almost
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identical. The Forest Swice mission "is to susitathe health, divesity, and productivity
of the Nation's forests and grasslands to meet the needs of present and future
generations the BLM statement merely substitutes Wards "America's public lands"

for "Nation'sforestsand grasslands.”

i e Federal Lands
B sureau of Indian Attairs I ocapartment of Transportation

2 [ sureau of Land Management I U.S. Forest Service
| [ sureau of Reclamation I vs. Fish and widie Service

- \ L g 12
v B
. N | ‘i‘f B o<partment of commerce [l Denver Feceral Center
S J = 7 3 I occartment of Defense National Park Service
| I £ /
——d 1’ Ny Department of Justice
) !
B e
- PR 3

Federal Lands in Colorado

Figure 67 TheNational Atesversion of the Colorad&ederal land (courtesy of the U.S. Department of
the Interior and the U.S5eological Survey).
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Table 1 U.S. Forest Service Units in Colorado

Arapalo National Forest Grand Mesa National Forest
Gunnison National Forest Pike National Forest

Rio Grande National Forest RoosevellNational Forest
Routt National Forest San Isabel National Forest
San Juan Natiah Forest Uncompahgre National Forest
White River NationbhForest Comanche National Grassland

Pawnee Buttes National Grassland

But the reality on the ground between these twenaggs is obvious. While they
both havemultiple-use mandats the BLM ismuch more aggressive in prormg and
permitting mineral extraction along with @hd gas development for example. As shown
on Figure 6 most of the BLM property is along the fartesesborder in the canyonlands
and messawhere vast stretesof sagebrus cover the landnd large oiand gaseserves
underlie it There are some scattdrand patchwork segments of BLM land thgbout
the mountains and geologic parks alBee overwhehing mountainlandowner and
manager ishe Forest Servicédost of our dierished ski resorts are carvaat ofleased
National Forest land; huge tracts ar€st Service landreleased to ranchersif summer
grazing; and, the various National Forestadidie the highest mountains along the
continental divide whre all four o our rivers begin.

For the Plt#te andArkansas Rivers, their initial run through tidenal Forests is
short and the impacts dhem by that land is minimized. The Rio Grande's uppéris

in Forest Service land, and tleegcres surely aféethe qualityand quantity of the water
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in the river. The largest influence on river water by Nai@l Forests is certainly that on
the ColoadoRiverand its many tributaries. The Colorado hasriost water, the most
demands on thatater, and the largeimpacts owide of the state. The Natiorfadrests
of ourstate are the birth places of the rivéhat come of age as they traverse puhlnd.

It matters a great deal how and where theserugaehes of our water courses flow.

61



Origins

In about 1,60 B.C. the Cinese Emperor Yu made the prestiecommat, "To
protect your rivers, protect your mutains”(Wilshire, Nielson, and Hazlett, 2008je
knew then what we should keep in mind now eegly in a state with thelevated
terainsof Coloradotha the mourdins mean most everything to tlieers hey spawn.
In at least three ways mountainsmeasurablaffect our rivers: first, in arid ahsemi
arid environmentgspecially almost all pecipitation occurs from the upliftf ar masses
being pubedup the slpes of our mountairendthe subgquentowering of
temperaturesf the atmospher®ward the dew pointThis has the effedf forcing the
water vapor in thair masse$o condenserad, through a complex physical procesa se
precipitation Second, grawy is our friend as it moves theater fom high placesvhere
few of us liveto lower elevationsvhere we humangsuallyreside. We fien take this
wet beneficencandmanipulate ths largesse for a myriad of us&mally, the water
movingincessantly danslope weathers and erodesshsame mantains that give us
the water to start. Iob much erosion takes plasgdimentation from that act muddies
the water, fills reservoirs, arthmages the distribution systems wedhieemove the
waterto where we red it mos{see theNater chapte).

This last point should be emphasized even thaugiay seem rather trivialn
reality more than oneivilization ha been destroyed becauseeatessive sedimentation
of their irrigaton systemsOne eample isfrom ancient Mesopotamia (today's lyalf is
generally agreed thagaculture beganthere about 7,000 years agowas able tahrive
in the arid climatebecause of the available waterboth the Tigris and Euphrates Rivers

But 2,500 yearsater the peop living in the region decidedekl needd more arable land
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watered by irrigation. Arelaborate and massive cangtem was developed that helped
irrigate almost 35,000 square milgise entire size ahe state oMaine)of cropland. The
canals were pragcted by a series of leve@sdthey were periodically cleaned of
sediment by theommunal efforts of the populacBut an insidious activity was
developingn the high mountains dhe Taurus the headwaters of both riwgn today's
Turkey. Sheep and gat grazing verethe main subsisteeecoromy of the mountain
peoplewho lived thereVegetation has many positive characteristics including the fact
that it almost always helps to pect sloping lands from erosioBoth goats and sheep
can esily devastag grazing grounds because theyyseeclose to thesoil surfaceand

allow massive eragn to scar the steep, mountainous terraitn Mur, the iconicSierra
Nevadaconservationistpnce said that sheep should be cahedved locustdecaiseof
their propensity to denude landscap€ke sedinent carried down to Mesopotamia
during this easlowly filled the canals and eventually the system could not be
maintained. In fact the Persi&ulfs shoreline was moved an amazirf@p miles down
stream because othe sediment that choked it.

Today we ca see the same thing happenatgn evenfager rateto reservoiron
the Coloradand other rivers in th8outhwestAs an examplehe deptlof sediment
depositsat the upper endf d.ake Powellcreatd by the GlenCanyon Damarenow at
least150feet dep. Almost ten percent of Lake Mead createdHmpver Dam isiow
filled with sedimentwith more added every dagmaller reservoirs and lakesColorado
and the West are also losingnsiderable apacty through seninentation.Many water
managersee reseroirs as the defense against the droughtsateabecoming more

frequent as a result of climate charigeave the water when we get it ane tisat saved

63



water in times of scarcityBut the sedirantaton problem isone major hurdle to using the

current reservoirs to maximum efficiency and to buildinew ones to increase capacity.

~

Exploration ofEarth especially in the nineteenth centurgnsisted in large part
of looking for the origins of thavorld's great rvers.Although most of thge river source
were already known by the indigenous grolijgag in the area, historgftengoes to
those who wite it down.John Hanning Spekand his'discovering the source of the
Nile (theBlue Nile at Lake &naand the Wite Nile at Lake No) is amsuch venture
Henry Schoolcraft discovered the sourcehef Mississippi River in the 1830s. Zebulon
Pike was senwest in 1806 ostensibly to find the soes of the Arkansas and Red Rivers
T henever found eitheand was captued by Mexican soldiers dss expeditiorwas in
what would become Colorado but was Mex territory at the timaVe seem to still be
discovemg/looking forriver origins.The sourcef the Amazon Rivefor more than a
certury hadbeen thoulgt to bethe Apurimac River on Nevado eini, but in 202 it was
discovered that a completely diffetdributary (theMantaroRiver in Perywas really
the sourceThe origins of the world's rivetsave alwaysntriguedus. But what does
really mean tdoe the "sourcgor the origin of a rive?

If one realy thinks about it, there is never just a sengource (a lake of some
kind in most cases) for a river. The lake may be the most obvioustptadeercomes
from, where the rivertarts to flow. Buthere are innmerable small contributots that
lake a there would not be a lake at all. Rain amdfhowmelt on the slopes above the
'source lake' flow into the collection depression in whiehl#tke sits. These small

rivulets of waer from every slopsuface arelte real sources of any @wor stream.
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Because we humans like order and decisivenassay with utter certainty that this river
or that stream start at this particular sgmit trere are always smaller and smaller tiesk
of water thatliow into the urported sourcaVith the® thoughts in imd, what are the

origins or sources of edour Colorado rivers?

~

The major hydrologic fence that we have in Colorado thpaates the
watersheds of our various rivers is thetinental divide. Tie water wesbof that sinuous
line flows toward the P#tc Ocean (really the Gulf of &ifornia officially but also
called the Sea of Cortez by manyhe water on the east sidetbé divide flows toward
the Atlantic Ocean basinin the case of our eash rivers, tte Rio Grande, the kansas,
and the Pla#, to the Gulf of Mexico. There are two otlierides. The one between the
Rio Grande and the Arkansas and the one separagnfrkansas frm the Platte. These
two do not get therivilege of being @lled'continental dividesbut ae important
nonethelss.

The Colorado River is by far the large$tour four rivers. With its tributaries it
drains the entire western slope of $tateOne wauld think that the source or origin of
such a magnificentiver would itlf be magnificent one would be mistake The
officially designated source of the [Beado lies in the far northwestern corner of Rocky
Mountain National Park. It isa Poudre Padsake.The main issue with La Poudre Pass
Lake is that it isi0longer a dkei todayit is merelya nice bucolic wt meadow just on
the westrnside ofthealmost imperceptibleontinentaldivide (Figure 1)The lake had
always bee shallow, and over theeoituries water loving vegetation has hatowly

encroachig into the lale and filling the ke bed with vegetatvdetritus and sediments
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This process dbogging in is natural and normah many lakesFigure 1 was
photographedn a midSeptember afteoon so the grasses are dried and browtate

spring the meadow wouldbe a lush, vibraht green expanse.

Figure 17 La Poudre Pass "Lake" wet meadow with just a small trickle of water starting the Colorado

River.

The actual continental divide lisss than 1000 feet east from what wduédthe
upper end ofhe lake ifthere were a lake. It is a very gently sloping landscape where the
gradient is nearly imperceptible. In fact itilsnost surreal that ypocan stand next to the
erstwhile La Poudre dke western shoreline and lookttee norh a few hundred feend

see tle Grand Ditch (see thBiversions Chapter) flowing from west to eastthe
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opposite directiomcross the divide. EhGrand Ditclgathersts water from along the
upper slopes of thédorado River valley on the west sidetbé divide and talsthat
waterto the eastern slope to be used for irrigation. It is one of the oldest diversions of
western slope water for easteslope use in theate.

The headwaters landscape of the Coloiiadull of unexpected sites. Less than a
mile below wherehe Colorado laves La Poudre Pass Lake, it enters a very deep and
strikingly coloredcanyon the river has carved oveanymillennia. Between La Pouelr
Pasd_ake and this canyon, there are selvemnaall but vigorously flowing tributary
streams such as Lagland SpecimerCreeksthat addsubstantialvater to the Colorado
especially during the wet snow melt season of late springantgl summer. This cgon
has been cut into a volcanic landscdpae was created 28 and 24 million years aga
time of vigaous volcanicactivity in many areas of Colorado (Hopkins and Hopkins,
2000). The canyon is colorful, deep, and impressiveokd someWwa like a smilar
canyon in Yellowstone National Parkatiwas made famous by the Hayden Survethef
Yellowstone again 1871.A member of that survef,homas Moranpainted a very large
canvas of th&'ellowstonecanyonthat now is exhibitedtahe Smithsonian Amecan Art
Museum The Colorado version is nasmajestic or welknownnor does it hava large

waterfall but it is a ugged and beautifudanyonnonethelessHigure 2).
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Figure 27 Looking southwest down Little Yellowstone Canyon in Rocky Mountain National Park.

=

The upper Arkansas River has tgigrificant branches that form ¢hmainstem
of the river.Thefirst of thesestarts just below Tennessee Pass about eight miles north of
Leadville. The pass itself is famous for the small ski area that sits at it§ kex
Cooper. Ski Cooper will alwayse associged with the Tenth Maoatain Dvision of the
U.S.Army during World War 1. Ski Cooper was a part of the division's training ground
that included large parcels of land north of the pass that are known as Pando. The branch
of the Arkansas that sta on thesouth slope of the pass naned after the pags
Tennessee @ek.Although it is named a creek, it is consideredwest fork of the

Arkansas headwaters.
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The Tennessee Creek origin is nearly impercepfiliie.creek slowlygoalesces
from severd smallrivuletsadjacent tahe Ewing Ditch that is decribed in the
Diversions Chapter. Like the start of the Colorado River, thigriglmost bucolic setting
that is not in any way spectacular. But it manages to gather a significant amount of water
asit flows south at a leisurehate nto a large open esknown as Tenesge Park
(Figure 3) This parkland is easily visible west of U.S. Highwayb2dween Leadville
and the pasdt has avery large willow carralong its western edg@ willow carris an
areaof wetland that is domatedby the water lovingvillow and oher wetland shrubs
(there are several different species of willow in the state). Wetland carrs are of great
importance to the ecological healthanfr mountain parks. Not only do thaglp to
moderate flooding, butiey arealso one of the b prolific and feaund ecosystem types
we have. Not only are there large masses of organic mass produced by the rich
vegetation, but theglso provide some of the best wildlife habitat we hawvbe entie
state

The valleybottom thatunderlies the extesive wetlandsonsists of loose and
unconsolidated sediment. Much of this sediment is derived from the alpine glaciers that
covereda large parbf the mountainous terrain in the surrounding ugsarvey
substantialalley daciers fran the Pleistocenegpech filled what we see today abke
stream valleyslissecting the mountailandscapeThese glaciers eroded, transported, and
deposited hugenaounts ofdetritus that ended up in the larger vallsysh as Tennessee
Park. Fine sediment®f silt and clay bve been laiddown by more recent stream
deposition on top of the glacial debris. This relatively-fynained soil is excellent for the

verdant growth of the wetland flora.
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Figure 31 LookingSauth from just below Tennessee Pass. €esee Park is in #distance.

The oher headwaters branch of tAekansas might be considered the "main”
origin of the river because it is larger in these upper reaches. On official maps it is called
the East Forlof the Arkansas. It begins its flow tihe Gulf of Mexicoin a much more
typical alpine environment. Justo miles south of Fremont Pass on Coloradaiest
Highway 91 sits the 13,795 foot Mount Arkansas. The headwaters start on the very
southeasterrflanks of Mount Arkansas at just under 12,6866t (Figure 4)The bedrock
in this aea consists of Precambriaragites and massive metamorphic gneisses and
schists. These rocks are very old (> 1 billion years) and very resistant to efdson.

river flows ina semicircle around the soutasterrand eastern margired the mountai
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andemerges to parallélighway 91 nearStorke Portal, part of the Climax Minkoldings
on the southern side of FremidPassThe start of the East Fork is definitely an alpine
environment, but it is far from isolated. iiggedtwo-track pdh that intrepd four-
wheelers can take travel®i near Sirke Portal around the base of theuntain with
the river in the valley belowHiking along this dual track is a great introductionhe t

ecosystems of the alpine lifezone.

Figure 47 A smal pond that ispart of the origins of the East Fork of the Arkansas River. This glacial

cirque is the start of the East Fork and sits on the southern flank of Maokihsas.

The two branches dhe Arkansas merge just west loéadville Junction which is
about two miks west of downtown Leadville. The river is relagly small at this point,

but itis definitely a riveri at least by Colorado standards. From hebegins itdong
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1,460mile travelsto its confluence with the Msissipi in far southeastn Arkansasand
thenon to the Gulf of Mexico.

There isanotter watercourse that some consider part of the Arkansas River
Headwaters. It is called the South Arkansas River and flows down franMioeerch
Pass to its confluenagith the Arkansas near Sdh This stram s nearly 60 milesouth
of the confluence ofennessee Creek and the East Fork of the Arkansas. Because of this

distance, it has not been included as part of the origin of tee riv

«

The South Platte River hahreeofficially acknowledged originsi with the
unpoetic names of the North FoMiddle Fork, and South Fork of the South Platte
River. The South Fork of the South Platte River continues our string of unspectawllar a
willow clogged origirs (Figure 5) It sits just below and tthe east of Véstan Pass
(11,921 feet}hat connects Highway 285 comiaguthout of Fairplay to Highway 24
just to the south of Leadville. The Weston Pass road is a mildioeel drive roadvith
afew steepand rocly sectionsutno precipitousdrop-offsto the sidelt passes through
some glacially and alluvially deposited sediments at its lower end and is marked by a
complex set of lithologies as you go higher, including some relativelygymirusives

and some wg old grartic andmetamorphic intruse rock types
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Figure 51 View looking west to the top of Weston Pass. The South Fork of the South Platte River is flowing

gently through the willows to thepperleft of the photo.

The riverat this point is nothing more tharvéorant small strearmhat flows
rather lazily through willow carrs and pasture lands in its lower reachegaitually
deviates fromiWegon Pass rad and meanders southeasterly across SoukhuRdl it
reacheshe Middle Fork just upstream éfvo water sbrage reservoirs drstate parks
Spinney Mountainity of Aurora) and Eleven Mile (Denver Water Board).ekfEleven
Mile, it turnssharply noth and northwest through Lake George andooitstconfluence
with theNorth Forkof the river.

The Middle Fok of the South Plée River stats in a much more spectacular
setting. Itbeginsin a small tarn just southweof Mt. Lincoln near Hoosier Pagdmost
immediately it flows into the somewhlarger Wheeler Lake armbntinues down an
impressive glaciallcouredJ-shapedralley before itdrains into Montgomery Reservoir

T a water systm reservoir for the City afolorado Springs (Figure @yit. Lincoln
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(14,286 feet) is part of theorthern setion of the MosquitdRarge that also includes Mt.
Bross(14,172feet), Mt. Democral14,148 feet)andMt. Cameron (14,28fed). The
bedrock hez consists of Precambrian gites and very old (Paleozoic) sedintary rock.
This collection of high peakstsijust south of the canental divide. The divide between
the Suth Platte drainagand the Arkasas River drainage runs directly over Mt.
Democat. The exact soursef theMiddle Forkof the South Platte Rer and the West

Fork of the Arkansas Riveraa merdour miles apatrt

Figure 67 View from across the valy where Colorado ighway 9ascenls to Hoosier Pass. The large
glacial valley above the reservoir is the headwaters catchment for the Middle Fork of the South Platte

River.

This branch of the South Platte flows #oparalleling Highway 9 through Alma
until it gets to Faiplay. Much ofthis stretch othe river has been placer mined fmid
from the late nineteenth century up ltitie 1960s. This was industrial placer mining

where large dredges overturned masaiveunts of glacially transported gravebking
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for minuteamounts of theyellow metal. A you drive along the road you caes
evidence of large gravel mounds, some biolv are now being used as gravel quarries
(see Figure 3 in thEco-matters chapter) As mentioned abovéhe Middle Fork hags$
confluence witlthe South Forljust east of th small hamlet of HartseThis confuence
is upstream of Spinney Reservoir, ardmaps it is simply called the South Platte River
from this point on although it hamtyet connected with the North Fork.

South and Middld-orks of the Sath Platte areivers people associate with South
Pak. They both flow into the large, structutasin that sits surrounded by the high
mountains of the Mosquito, Tenmile, Front, ahe Tarryall ranges. It is a high,
relaively flat regionwhere these tw branches of #h South Platte wonder and meander.
Both branches are beloved by fly fishers beeanf the easy access and fecund riverine
environment that supports healthy fish p@pioihs, particularly rainbow, brook, and
brown trout.

TheNorth Fork ofthe South Plattes separated from the South Plditethe
Tarryall Mountains and the Lost Cre@kilderness aret it never enters South Park. The
North Fork starts high in an area evhthe Mosquito, Gore, and Front rangesne

together altbugh it is "officially" in theFront Rangelts origin is in a snibacirque basin

under Handcart Peak (12,5%f).The bedrock is very old (a 1.°

metamorphic gneisses. These roaksriddled with fractures that allosd superheated

fluids from thousands of feet below the surface to invade and deposit highly concentrated
minerals. Of course this mesthearea has historically been a mining region with
innumerable mimg claims in the fgher elevations of the North Fork valléyigure 7).

Note in Figure 7 the disturbed slopes directly above the valley of the nascent North Fork.
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In fact a current mimg opeation has blocked the small gravel road leading toéng

upper reaches dhewatershed (Figure 8).

Figure 71 This is the upper valley where the North Fork of the South Platte originates. Note the many

miningclaims and remains on the upper slopes.

Figure 81 Mining is still somewhat active in the North Fork headwaters as evidenced by this gate that

blocks the road to the very source of the river.
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Mining has been an economic activity in Colorado since long before it was a
state. It is still a ginificant part of the Glorad economy, at least in certain areas. But
mining does cause some very damagingremvihental impacts. The impact that is most
obvious in these upper reaches of the North Fork is something called acid mine drainage
(AMD). This is a very compleproces, butthe crux of AMD is that after mines are
closedthewater level in minesften gesup and interastwith newly exposeaninerals
in theremainingrocks of the abandoned mir@ne importanmineralinvolvedis iron
pyrite (an ron sulfide mineral) tat isoftenfoundin conjunction with the minerathat
have been minedgold is one of theseChemical and organic processes breakdown the
iron pyriteand iron oxides are formedhe iron oxides often go into solution in the
watersinside the minesVhentheseiron oxide solutionslow out of the mine andome
in contact with freshwvater, theyprecipitate ouaind form a reddish to yellowish, acidic
compound carried in the wafiein this casen the upper North Fork. It is easy teestle
coloration in tle wates of the river as a very deep, almost blood, Besheficial water
microbesand many fish species are negatively affected by this acid drainage. Luckily, as
more fresh water from small tributaries is added to the river s feast, the acid
solution becomesnore and mordiluted The upper pas of the river are affectedgaeat
deal, but by the time the North Fork reaches the South Platte, the acid concentrations are
at asignificantlylower level.

The North Fork flowsast out of the high numtairs past the small town of Grant.

It coniinues in that direction until it merges with the South Plagtara very small hamlet
called, appropriately, South Platte. This confluence is just west of Waterton Canyon and a

few milesupstreanfrom ChatfieldResevoir. Thereservoir was built in the latt960s by
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the U.S. Army Corps of Engineers as a result of the devastating 1965 flood. The reservoir
is now alsopart of the Denver Water Board water supply for the aityl it is a stat

park.

«

Unlike all the otler four rivers, the North Platteags not arise in the high
mountains of the state. It begins in Middle Park, just a few miles southwest of the small
town of Waldon. And it does not start as a single trickle of water comingdroold
glacial cirqee; instead it begins at the less thandpeular merging of Grizzly and Little
Grizzly Creeks at an elevation of about 8050 feet. It begins and flosisthrough a
flat, wide open valley that is choked with willow carrs and intezlgimeandering
streans. In spite of the fact that it is in thiarthest northern reaches of the state, itis a
fecund and verdant land that includes habitat for many species. In fact it is so well
endowed with excellent habitat that the then Coloradosizimiof Wildlife (now known
as Colorado Parks and Wildlifegintroduced 24 moose tdorth Parkin 1978(see the
Too Many i Too Fewchapter) This reintroduction has been wildly successful, and with
other introductions around the stdtave establishedleealthy and vibrant nuse
population in themountain valleg throughoutColorado

<

The origin of the Rio Grande is probably the most remote of any of the four

rivers. It begins in the high elevations of the San Juan Mountains. The small mining town

of Creede is the ckest cormunity on the eastern side of the Continental Divil¢he

headwatersAs the crow flies Silverton is the closest town to the source, but it is on the
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western side of Stony Pass to the west of the diVideyet to the source, oneust go
past RioGrandeReserwir; the road becomes a very narrow and rocky passagesioy
miles as you travel almost due west toward Stony Pass which is the access over the
continental divide at this point. Just east of the pass is Canby Mountain (f&:478
where tle riverbeginsits flow to the Gulf of MexicoThe river flowsfrom asmall valley
onthe northern flanksf the mountain. It curves around the base of Canby to the south
and southeast for about two miles until it turns and heads almostdue

The bedock of Canby Mountain is decidedly volcanic. Almost all the rock irsth
area was emplaced during several million years of intense volcaniityadtiving the
Tertiary age The volcanic activity here is marked most dramatically by sevangs |
calderas- remnaits of violently explosive and massive eruptions of volcanitemal.
Rich zones of precious metals, especially gold and silver, are found in the innumerable
fractures produced by these very large events. Silverton is one of theamosas mining
towns inColorado. There are few places in this landscape that ha\mera affected by
mining over the last century and a half.

The Rio Grande is a typical mountain stream near its source, but soon it is flowing
through a series of evernaening valleybottoms(Figure 9) Even above Rio Grande
Reservoir, it is aelatively slow moving and meandering river. It remains so as it flows

past Creede, South Fork and into the San Luis Valley.
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Figure 9. The far upper valley of the Rio Grande jasiew miles from the Continental Divide.

el

Our mountains are absolutely critical to Qwldo for our \ater.Without them we
would be a much differérmand drier place. Our mountains are also important beyond our
borders. In fact 17 downstream states gates of their water from the largesse of our
mountains. Without the particular geograpliyor Coloraddands@apes, much of the
west and southwest olur country would be very different places. The climate and
hydrology of Colorado's mountains, plains,tpkus, and rivers matter to millions of
people.They are not only important for the phgai reality ofour need for water, but
economically, sociallyand politically our mountains and their rivers amacial

Where and how the water of rivers finallgds its way to the oceans is of critical

importance. But where these rivers start mlghtmore persotig fascinating. The small
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beginnings of a rigr's flowaremuch more intimate anatccessibléhan most river

mouthsi these may be huge and almost dmddle (such as the complex and shifting
mouth of the Mississippi River in the Gulf of Meo). In the ase ofColorado’s rivers,

the beginnings aresually in the high elevation alpine regions where vistas are long and

landscapes are approachable witltie effort.
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Law

According to theDxford English Dictionarylaw is "the body of ruls, whether
proeedingfrom formal enactment or from custom, which a particular state or
community recognizes as binding on its members or subjects.” This defifiteom o
provides for very broad application of the concept. It candm®t af written rulesigreed
upon, @ mandated from some authority, or some combination of both that a community
uses to keep order, make things run, and help to satisfy societies oeedehthey are
determined. When it comes to water lemthe formatbnal years of the tatory/stateof
Coloradqg there was littlehat was binding or accepted as customasoften stated in
Colorado andhe West that "whiskey is for drinking, and emats for fighting." That quip
is usuallyattributed to Markrwain, athough there is nowdence he eveauttered those
words. Only when users of large amounts of water affected other users or potential users
did the idea of establishing laws to governavagvolve. It was mostly because of large
amounts of water being dikted for use in minig andbecauseolorac was just
becoming a state with a newly written constitutittrat Colorado water law began to be
codified.

On the other hanaccording to thelefinition of "law" above, we havactually
had water law in Colorado (or what would bewothe state dfolorado) for well over
1,000 yearsThe southwestern mesas gildteausf Colorado have been the home of
many groups of people farconsiderabléime. It is a place of remarkaldechaeological
treasures often collectively associatedwiite AnasaziAnasai' is actually a Navajo
wordT many people say it means 'the ancient oneshiost agree imeans '‘enemy

ancestors' a mildly pejorative ternthat is offensive to a large number of Native
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American groups. A more acceptable termascestral Pudbans'which acknowledges
the links between them and the Pueblo cultures existent today in the Southwest.

Five hundred years befotiee Magna Carta thousand years before the
Continental Congresapprovedhe Declaration of Independencand eleven huired
years before Coloradhad a constitution or Custer had laist stand, the ancestral
Puebloans had the equivalent of water lamg @ustoms thatlawed them to develop a
hydrologic system that lasted faell over 300 yearsArchaeologsts, historias, and
water engineers have uncovered an elaborate system of canals, conduits, berms, and
reservoirghat fed an irrigad farming culture large enoug supply thousands of
peopk with food in an otherwise aridndscapeAccomgishing this featrequired
consierable organizatigrand cooperatior the equivalent of lawas defined above
The weltknown and respected water engineer Kenneth Wrightevabbut this system in
hisWater for the Anasazi" € peopl e hdde téo avale deelgea i | a b
operaé and maintain the reservoirs, and a community social organization was necessary
for the selection and direction of a work force, year after gedrgeneration after
generation, to keep the reservoirs operable."

These ane@nt hydrolgic engineerslearly used communal effort to keep the
system running. For example the reservoirs that collected and stored water for future use
would, over time, stato fill with sediment that was brought down by erosion from the
higher eleviions thatsupplied the wr. Bther the reservoirs would need to be dredged
or expanded above the sediment layer. Dredging with small baskets or ceramic tools
would have been nearly impossible task, so the community helped to raise the

reservoirdime and agairso they had renged caacity to hold water. The 'law' used to
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get this cooperation was less a punitivechanismand more a call for communal action
to help all in the struggle to survive and thrive in this dry, and often, inhospitable
region.The climateof southwester Colaadothroughout theentireancestral Puebloan
erawas mostly dry with intermittent wet periodshére isa considerable amount of
speculation at why the ancestral Puebloans disappeared fin@megioraround 1300
AD. Somesay it waslimate changebutthe climate had been variable all the way
through their time in southwestern Coloradont@say it was an especially severe time
of violent attaks by some invader internal strife and others talk about a cultural pull
toward othePuebloan group® the south and east. There is no conseindud it is very
likely a combination of all three of these factthat finally and permanently pushed
and/or pulled the ancestral Pued#ns away from their mesa hom@ég¢hatever the cause,
the ancestal Pueblans wee gone fronthe Mesa Verde regigoand theirexquisitely

engineered structurescluding their water systerwereleft for othesto find and tudy.

el

Modern water law is a very, very complex topicitB can be simplifiedgverly
simplified?) irto two major categories in the United States in which we can class the
general water law in a given regidrhe first type is Riparian Rightsnd addrsses
surface water use. In the more humid eastern paneafountry, there is ually much
more precidiationon a regular basis and, therefore, many more creeks and rivers. The
odds that someone is living on a stream are pretty high. In @hmtypial example,
anyone who has water a stream or laken oradjacent to their landan take a
reasonableraountof water from thatvater sourcéor their needs. The legal catch here
is, what is a reasonable amount of wéatérat is usually the cause ofigjation in riparian
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rights states. But there is the imjliagght to that water bynyone without havintp pay
someone for itGroundwater extractions are more complard the laws are usually
involved and often arcane.

The other category of water lasithe Prior Appropriation Doctrine, often called
the Cobrado Doctrine or more @oquially, "first in time, first in right.” The system
really started in the California gold fields where it was determined that the first miner to
use the water for minin@a beneficial use by definition), was the one who haditsie
call on that waterThe very basic conpe isthatupstream odownstream users who
came later may not get as much as they want or need, and if you came too late, you might
get nonaat all But it was not just about mining. Farmers and ranchers were also realizing
that thee was little water tgo araund, so the first user of a water source got prior or
earlieror seniorrights than the next one to put the water to beneficial use and on down
the line.

In the Colorado Constitutiojirticle XVI] approved in 1876, athaturalwater
sources in thetatewere designated a public resouid@ essence, the people of the state
owned the water. Users could have rights that allowed them to usetdrafutavere for
a beneficial use. These rights were just like any commodity @auld be bought or sold
Theycould even be lost if your water rights were not being osed an extended period
of time’ this is called abandonment. The doctrine becanogvk as the Colorado
Doctrine because Colorado had the most articulate and rolausbteerning water law
in the West. The definitive Colorado Supreme Court case (Coffin vs. Left Hand Ditch

Co.) was in 1882. This, along withuch previougase lawand Aricle XVI of the
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Colorado Constitutiorconfirmedthat riparian law was "inapplicable Colorado” and
muchof the West has used that unambiguous idea ever since.

Justice Gregory Hobbs, Jr. has outlined the four basic principles of Colorado
water law in tle Colorado Foundation for Water Educatio@itizen's Guide¢o Colorado
Water Lawm(2015) First, all surfae andgroundwater in the state is a public resource that
is meant for beneficial use liydividualsor by public or private organizationSecond,
you do not own the water biftyou havewater rights, you havéhe right to use itor
beneficial purposei remanber, the water belongs to all of us. Third, you can use water
courses and aquifers to move or store water for later use. Fibyal own wate rights
that are not near where you will put thenbemeficialuse, you have theght to build
facilities acoss the private property of others to the place where the water will be used if
the private land owners consent or if there is gashpensatioffor the disturbance. This
is a very significant move away from riparian rigiisere it is explicit thatyour rights
are determined by your juxtaposition to the water source

The details of Colorado water lasan bevery complex, but the Is&
understading is fairly straightforward. The first pers@oe)to get an adjudicated water
right from a water sage (maybe the Cache la Poudre/& near Ft. Collinsand puts
that water to a beneficialkegets the first priority to that water. Thext persorfsay
Susan)who gets a right for water from thH@achehas the second priority, whidh junior
to Joe's. Tie nex person (Immanuel) gets his right to use some of the water but is junior
to both Joe and Susarand so on until all the water ilacated. Buthere are wet years
and dry years in Colorado (see Too Liitl&oo Much). When tb droughts come, and

they wil, there is often not enough water to go around. If there is just enough for both Joe
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and Susan, Immanuel must close his headayadedry up I8 fields. If the drought

continues, and there is only enough for Joe and maybeftalfsan's approprian, e

gets all of his and Susan gets her laalfl poor Immanuel starts to look for places to buy
some water with more senior righféhe oldest adjdicated water rights in the entire state
belong to the People's Ditch Company ia tommunity of San Laiin the southeastern

part of the San Luis VallefFigure 1) That ditch company has an 1852 water right that is
proudly declared on a ksa marker athe south end of town. Obviously, this right's date

is long before we had the ofiat Prior Appropriatim legslation for the state- in fact it

is 24 years before Colorado was a state. But it was recognized that they were using this

water br beneficialuses and the right was declamrdadjudicatedetroactively.

I e
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Figure 11 Th e P e o p hnd éommembprativelplaqire San Luis. This is the oldest priority water

right in Colorada
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Thestate of Colorado haseaed an intricate, yet rigorous, systéon enforcing
and adjudicating what really happens on the ground. The legislatively createddto
Division of Water Resources has established a system of seven water divisions defined
by river basin boundarigsthe South Platte River, the Arkansasg tRio Grande, the
Gunnison, the Colorado, the Yampa/White River that happens to include tineF\aite
(only because of proximity to the White River even though it is strictly part oflétie P
River basin) ard theSan Juan/Dolores River BasifiSgure2). The Division of Water
Resourcetiouseghe State Engineer who has authority over all water in the $tadee
is also a Division Engineer foaeh of the Divisionsvho is responsible fanaking sure
the sysem isworking in their Division Each Divison also has a Water Court which is
responible for adjudicating the water rights within the Divisidie Court does not
create a "water right" but merely confirms it by decree. The rightig comes when
unalocated water is put to beneficial useheDivisions are very large with many, many
water users, so the state has divided the Dividgitosmultiple districts with a Water
Commissioner for each district. These commissioners angater arbiters for abbf the
adjudicated water rights of theirdividual district. They are the handa people who
make the determinations of who gets what water when and what priority rights are
fulfilled and which ones may not be because of the lagkater. There are ats "ditch
officials" or "ditch riders'who actually go into the fields and along theaties to assure

the waters being used are in accord with the priorities.
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If there is not enough water, a "call" is issued by the weger to his or her ditc
rider. In 2002 District 7 Engineer Ken Beegles wrote a scenario for just whatl@
entails. This is an adaptation of his synojsis

A farmer, mayb&amfrom above, is fring to irrigate his grape
vines on a hot July day. Soontrealizes that theresinotenough water in the
ditch to get his appropriated shares. He contacts his ditch rider who checks
the ditch and water available and affirrBsns needThe ditch rider
contacts the district water commissioner who starts the m®oé finding
Samenowgh waer. There might be some ndecreed users who are taking

water because tihe may have been an excess, but they are the first to be told
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they must shuheir water gateslf there is still not enough water f&am the
commissioar looks for the mogtinior water right holder and informs them
to close their water gatd his goes on untbamhas all of the water that he
can use now he cannot get more &m he can put todneficial use. For
example the ditch rider will make suteat Samdoes not ovewater his
vineyard.

The summer gets hotter and drier, and in August an apple grower
(Alice) on the same ditch with an earlier appropriation ttgamdoesnot
have all the \ater she needs from her appropriation. She calls the diden
and the processtartsagaini this timeSamhappens to be a junior rights
owner and may need to close his water gates to give Alice all the water she
can use beneficiallyral is within her djudicated rights.

This is the stark reality of what "firen time, first in rght" really means to real
people on the groundf you have junior waters rights in a basin of a creek with many
others also using the water during drouginditions, you mayose out in a big wayOne
way around this dilemma is tay more senior rightdVaterrights are just like any other
commodity in that they can be bought and sold. So if you have no water rights or only
very junior rights, you can, witthe appropriateraount of money, purchase older water
rights. But as demandscreasdor more wagr, these older rights are increasingly
valuable and will cost more and more in the future.

There are pgae who view Colorado water law as a bit extreme at timasd
theymight be right. The example of tladility to use rain baels is a case in pointVith

the minor exception of people who are not connected to a municipal water $ource,
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over a centuryt has beeiilegal for someone to put a rain barrel under a veptert
coming off of their roof. Raawater casading down fomthe top of your hoseto your
propertybelowdoes not belong to you. Rember, every drop of water @olorado is a
public reurce and the rights to use that water are already adjudicateti¢orsowho
owns those rightdn recent yearthe legislatue has taken up thistgation, but the
powerful eastern plains law makers who are in the most agriculturally intense part of the
state haveuntil recently blocked every effort to change the laese same legislators
go so far as to state that usingaarbarrel on your owtandfor rainfall on your land is
"stealing."But finally in August of 2016the legislature grantdgomeowners the right to
collect rain water from the roofs of their hoimerain barrels. There are still some
restrictions to thipractice, but a seenuty small and rational part has changed in

Colorado water law.

«

Surface water is what we are moshcernedvith in discussing our four rivers,
but groundwater does have ligpacts in certain cases. Water law is applied to
groundwater as it is to surfaevate but with significant variations in most cas€sound
water in the state is regulated by tegislaively created Colorado Ground atér
Commission appointed by thegonor. There ae four classes of groundwater
withdrawalin Coloradodetermined 1 whatgroundwater basins are involved and how
much water is being removed. The first class of groundwater use is from exempt wells.
Exempt wells are mostly for very small iwikawals for individual or a small group of
individual households. T&second typ is ron-exempt wells that have virtually the same

rules as for surface water uddn-exempt wells pump more than 15 gallons per minute.
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The water inthese wellsisusuallgns i der ed Atri butary, 0 meani

which the watecomes is hymblogically connected to a surface water stream so has the
same legal status as that surface wdtee. third type is called designated groundwater
basins. There are seventbése spread throughout the eastern plains of Giaxad are
contrdled by a spcialgroup called th€oloradoGround Water Commission. These are
basins essentially disconnected from the surface waters that leave the state. The last type
is the nortributary and Denver Basin wells. These have special pem@ind amounthat
may be &tracted during a given year.

Groundwater is treated differently than surface water because it is much slower in
reacting tadaily, monthly, or even yearly precipitationniiey take centuries to millennia
to get water into groundwater aquér. It mustenterat some point on the surface and
move slowly under hydrostatic pressures and gravity through the sediments adithe b
These movements take time. For example the MortHigh Plains designated
groundwater basin is past the much morenassive Ogdéala formation that runs from
South Dakota all the way south into western Texas and is one of the largest aquifers in
the world(see Figure 5 iompactschapter) The watein that basin is being drawn
down at a rapid ratespecially in itssouthern endlt is estimated that the aquifer will be
used upwithin a couple decademsd will not have reachable water in it for the
foreseeable future because it cannot refill in adnuscale time frame.

The "mining" of groundwater isapidly becoming very seus isue. There are
places in Colorado that have only a few decades worth of groundwater left. Since these
aquifers cannot fill rapidly enough to recharge the water to sastailevels and most of

these communities have nocass to surfaceater, a mayr waer crisis is looming. Most
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of these areas are on the eastern plains of Colorado where there is little running water and
a big need from agriculture. Little farming arahching on the high plains can take place
without irrigation. The démma, of cotse, 5 that waterightsfrom agricultureare being
bought bymunicipalities (often outside of the river basiwhich reduces the economic
base for why thosmiral communities and residences are there in the first place.
Redutions are alreadliappeningn thedry plainsi cities like Colorado Springs and
Aurora are buying up water rights in the Lower Arkansas Valley. This gives the farmer or
rancher who sells the watepadime big infusion of cash, but it affects the entire
community by redcing the ecnomicfoundationson which it survivesBecause water
rights are a commaodity just like corn or cattle, they can be sold, usually to the highest
bidder.The City of Colorado Sjngs established this concept legally in the 1898sn
the Coloradd&supreme Cot corfirmed that water rights the city bought from farmers
were a commaodity that could be bought and sold and that the uses of the water could
change in accord with needs (e, 2018).The cities along the Front Range have
considerablydeeper pockets thahefarmers or communities where much of the water
has been historically usethis trend will probably continue into the future with
potentiallydire consequences for theseall communities.

There always has beenwater caflict between farmers an@nclrers whose
livelihoods depend on water for irrigation and cities and towns whose residents also need
water.As of 2013 agriculture had 86% of all water rights in theesdmestic use was
7% with recreation anddheries,ndustrial, augmentation dfor ajuifer recharge making

up the remaining 7%. But in times of extreme shortage, there is a "domestic Preference”
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article in the Colorado Constitution. Basically this stéib@t municipal (domestic) use of
water take precedere over any other use atitht ayricultural use takes preference over
industrial or commercial use. This clause in the Constitution has only been used once. It
is a very rare occurrence, but with climahange looming over the region, we could
easily sedhese preferencesnforced

Onemight also ask, don't the ecosystems in and along the natural waters of the
state get anything? When Colorado's water laws were being created iff tenfi@y,
therewas little concern for the environment. Tidea thatve could ever use up resoas
in the largely untamed West seemed absurd. But as we have seen, the resources of the
region are limited and certainly are not overly abundant. From timber, to industrial
minerals, to oil, and certainly to water, Wwavealrealy or soon will reachhelimits of
extraction. But we have also developed a new concern and vision for the natural
envirommert, and an understanding that a heakthyth is actually good for businesgs.
very large part of Colorado's economy canfrem touwism, and free flowing stams ee
a big part of that industry. Fishing, rafting, hunting, hiking, and other activities depend on
functioning and healthy aquatic and riparian ecosystems. The Fedesaimgent has
created a myriad of laws thatcies diredly on environmental stewdshipincluding, but
not limited to, the Wilderness Act, the Clean Water Awt, Endangered Species Act, the
National Environmental Protection Act, and many others. Colaasdohas recognized
the importance of wateof the enironment. In 1973 the leglatue passed Senate Bill
97 that created the state's Instream Flow Program. This program did not 'allocate’ water
from the statés streams and rivers, but allowed, even araged, the Colorado Water

Conservation Boartb obtainwater rights for flows tat wodd remain in the stream
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versus water rights for water diverted from a water course. Over the years the Board has
been allocated some funding from the state to buy wigfiets.Since 1973 about 30% of
the stream mds in thestate havgottensome potecton under this bill.

Two crucial issusfor everyondn Colorado, in spite of the determination that
water in Colorado is a public resouyegise because declaring teaa public resource for
Coloradangloes not mean thail the water gets to hesed ly Colorado. The Federal
Government has Reserved Water Rigdgtablished in a 1908 Supreme Court ruling
(Winters v. United Statethat deal wih water rights that werimplied when Native
American eservatios were established. Basically, the U.8vernnent retroactively
gave water rights to the various resemwasi dependent upon the datiesse reservations
were established his was an obvias ruling by the U.S. govement(how could we
'give’ the land aay with no water rights that make the larghbe), but it has caused
considerable argument over the ye&rsanother Supreme Court ruling in 19®&afsas
v. Coloradg, the Federal Governmealsodeterminedhat thenatural water courses of
our rivers inColorado have always gone through thelkofother states andh the case
of the ColoradoRiver and theRio Grande, to Mexicalsa That means that tke
downstream politicagéntitiesshould legallyget their equible shareof the water in those
rivers. The definitive statement in that casdii é that the upper state on such a stream
[that crosses state linedpes not have such ownership or control of the waters flowing
theren as entitles her to divert and uber regardless of any injury or prejgdito the
rights of the lower state in tlsgream.” This means that even though almost all of the

water in our four rivers falls as rain or snow in Colorado, the water in thass ri
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partially belongs to states (anduntries) downstrear meaning we havt shareln
another Supreme Court cas®yomirg vColorado in 1922, the Court ruled that the law
of prior appropriation actually was in place between stadégust within stees If there
werea senior water righin Wyoming(maybe on the North Plajteno one in Colorado
with a junior rightcouldusurp the Wyoming water user righiEszery one of the states
that border Colorado and into which our rivers flow, have some form of prior
appropriation water law. So #htourt case applies to all of the saunding states just as
it doesto Wyoming.All f our of our rivers, and several of thmaller rivers and streams
that leaveColoradq alsohave compactsquitable apportionment decrees, and/or treaties
with the stateand/or Mexico downstream (s€@mpacts chapte). Colorado water law
only dealswith the water that Colorado gets to keegni our precipitatiofi our

equitable share aording to the U.S. governmeill the other watemust be allowed to

flow downstreanto users in other states and/or Mexico

el

Sometimes we literally run out of veatin certain places in thetate. Often the
reason is an environmental otigere is not enough precipitation to fill the creeks and
streamsaquifersaredrying up temperatresareabove normal where evagation and
transpiration are higher than normat, some other occurrenc8ometimes it is because
we have created too many water rights in a locdtithns happens when rights are
adjudicated during wetter periga@sd during normal or dry periods thelis just not
enough water to go arounid. eithe of these cases we say thia¢ water resource has
been oveappropriatedin strict terms it means that we cannot have new appropriations
without affecting more senior watdghts. Sometimes it happens &hwe use too much
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and do not have enough to filatercompacts with othetates(seeCompactschaptey.
For nearly theast 50 years the Rio Grande, South Platte, and Arkansas Rivers have been
close toor atoverappropration levels This situation hasaused a series of actions to
help alleviate theritical need for water. Iall of these basins, there has been a dramatic
increase in groundwater use, often drawing down the water levels in the states aquifers at
alarmingrates. There are legal ways el address the or@ppropriation including
waterexchanges and augmentatigians. But the reality is that there is only so much
water to go around, so one of the most useful measures to alleviate the situation is
throughgreatly increased water conseloatefforts. Many cities and towns have
introducel strict measures for watepnservation, and these actions have been made
more restrictive during recent severe drought conditions. In the foreseeable future greater
consevation measures will need to bedeartaken, especiallytthe agricultural industry
Agriculture uses the tigest portion of the state's we by far. We need to keep this
industrial sectoasan important part of the economy of the state, but really itamtor
decisions need to be made s@m we can face the reality of less water foremegle in
Colorado.

-

Colorado water law is complex in the extremand thischaptemas just hit the
highlights.Topics that are important to Colorado law thave ot been covered include
comrsumptive use, neononsumptive use, surface and groundwvattrn flows, water
exchanges, water banks, storage rigtasditional water rightsand many others. Water
law in the state is an orgargoncept- it grows ancchange much faster than a well

watered Ponderosa pinethre mountains. Dozens of cowasesand an equal number of
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laws have been added to the original parts of the Colorado constitution. Keeping up with
the'fine print' of the law as it stands todayaigieculean task only undertakdry water
lawyers and the judiciarnBut there arevto accesdble resources available to the ron
lawyerto get a deeper understanding and appreciation for our watefhaZitizen's
Guide to Colorado Water Latsy Hobbs ad Syngsds of Colorado Water Lauwy
Grantham.

Water law as it is practiced in Coloradasha temendous impact on our four
rivers. The past has seen innumerable diversions of water from the stream channels of the
rivers, increased impoundments of theiteva n reservoirs, some proteoti of flowing
waters in the river beds, and diversiofisvesern slope waters to the dry Front Range
and eastern plains. But the future of water law in the state is going to have to become
more flexible and creative to desith what is coming. Even if wpreclude the effects of
climate change, Coloratkpopuationis growing rapidly without any sign of a
slowdown. And it is growing in some of the driest areas. Can we keep growing crops that
require large inputs of wateran wekeep fracking for oil andas thapermanently
removedarge amounts of watdérom natuml water suppliess it possible for us to
develop the oil shale of the western sloprecan we increase the urban populations
along the Front Range with their blgeass lawns? These and etlguestions will take
some collective wisdom to answ&ut we will have to deal with climate change on top
of theseother serious issuem all likelihood the state wilhave significantly less water
overall to use in the neseveral decade®lanningfor these eventualities needs to be
done. There is sonmaovemat in this directiori for example the just released

Colorado's Water Pla2015)asked foiby thegovernor is a good start. It looks at where
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we are, where we needdgo, and enlists cooperatipnot conflict in basin specific plans.

Water is criticato dl life, and the importance of it cannot be overstated.
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Diversions

Diversions, or more precisely, transuntain (or transbasiuljversions is a very
sterile and teanical term for the often meg, contentiousxpensive, controversiand
highly pditical process of taking large amounts of water from where it originated and
moving it to another place thaas a real or perceived need for the wdteColorado
thesemassive water transfers halveen happening for well over one hundredng
mostlytakingwater from the western side of the mountains to the eastermsities
beginning they were small (the Ewing Ditch and the Grand River Rgelkample), but
as hepopulation and economic per of the Front Range increased mdolg, the
diversia progects and thamount ofwater they moved grew exponentially. As we have
seen in other chapters and asoftenexperience wheliving in Colorado, there is most
oftennot enough water to do alte would like. The part of the state weétlte
continertal divide has most of the precipitation and therefore, most of the river.flaws
factabout84% of all watein Coloradothat falls as rainor more likely asnow,falls on
the Western Slope. This goodor those who live west of the dividenforturately
nearly 80% of the statebds population | ives,

There areseeminglyaninfinite number of demands on the waters of the Western
Slope. Downstream states demaandd ardegally accorded large portions of the streams
ard rivers that leave Coloradoy federal law and numerous Supreme Court decisions
The Colorado River Compact of 192B¢ 1948 Upper Colorado RiveaBin Compact,
and he1944 Mexican Treaty are onthe most major of these legabndatesnd
agreementgor thewater of the Colorado River basin. There @asothe water rightshat

cities, farmers, mining companies, ski areas, mandated instream flows, and many others
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own. Asdiscussed in theaw chaper, if a person or organization owns water rights in
Colorado,they have the legal right to move that water away from its origin to a place
where it can be put to "beneficial use" even if that means going under or overimounta
ranges to do solrhe currenpopulation of Colorado is just over 5 million with that
numberexpected to increase by at least 2 million in the next twenty years. By 2050 the
population is projected to reach 10 million, with the vast majority of thoSé @i

people living along thalready thirsty Front RangAs long as more water exsstvestof
theDivide and entities east of tliEvide have the rights ta portionof that water,
transnountaindiversionsthat move massive amounts of waterdmeneficid useéwill be

a part of theColorado landscapédhere currenthare already 27 transuntan diversions

in Colorado(Figure ).
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The firsttrangnountaindiversion in Colorado was the Ewing Ditch that takes
water from Piney Gulch, a tributary to the EagledRign the western side of the
Continental Divide, over Tennesseasdo the headwaters of Tennessee C(&efure
2). Tennessee Creékalsoknown & the West Fork of the Arkansas River. Wiest and
East Forks of the Arkansas Rivame together just tihe west of Leadlle at Leadville
Junction. This earlgitch was al® called Ewing Placer Ditch, probably because the water
moved wasriginally usel for placer mining in the upper Arkansas Basin when the
diversion was built in 1880. The ditch is stilad and transfers an average of just over

1,000 acrefeet of waer peryear from the west to the east side offindde.

Figure 27 TheEwing Ditchi the oldest transmountain diversion from the western slope over Tennessee

Pass to the eastern slope.
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The seconaldest diversion taking water from th'éesternSlope to theEastern is
considerably larger and more comeosial than the Ewg Ditch. The Grand River Ditch,
more commoly known as the Grand Ditch, first built in 18@dd lengthened several
times until is final completion in 1936arries more than 17,000 adext of water
directly from the headwaters of therth Fork of the Glorado River over La Poudre
Pass to Long aw Regrvoiron the east side of th&ivide (Figure 3) Most of itscurrent
14.3 milelengthliesinside Rocky Mountain National Park. The National Park was
established in 1915, and every exdi®n of the ditchfaer that date needed Congresslona
approval A very large part of the runoff of water from the Never Summer Mains in
thePark goes into the Grand Ditch. This loss of water for the ecosystems of that part of
the park has impactedetenvironment for cera hundred gars and thpark has fought
many court battlesto try to reduce the amount of water taken from the headwaters of th
Colorado in thisarea.There havalsobeen several overflows and breaches of the ditch
that have causerbnsiderable damage drainages and creeks in tPark. In 203 a vey
large breach caused over 45,000 cubic yards of debris to be deposited in Lily Creek, one
of the highest tributaries the Colorado RiverThe owners of the ditch paid a substantial

settlement to the phrfor the damage done.
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Figure 31 The Grand River Ditch (also known as the Grand Ditththe Continental Divide in the far

northwestern corner of Rocky Moairt National Park

~«

Of thetotal of 27 diversions that take water from the west side oaCtméinental
Divide to the east side in Coloradwluding the Ewing and Grand Ditchdsteencarly
less than D00 acrefeet of water a yedr seven of these small diversions take wtam
the Dolores/San Juan Rivers (part of the upper Colorado Bash® Rio Grande River
Basin.Seven large diversn projects carry more than 25,000 aferet per year from the
West Slope to the East Slopesix of these large diversions move wdtem the
Colorado basin over/through the Continemalide to the Sout Platte or theArkansas

River Basins (Coleman, 2@, p. 9)(Table 1)
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Table 17 Major (> 25,000 acrefeet/year) Transbasin Diversions in Colorado

Name Contributing Basin Receivirg Basin 4Average Annual Flow
(acrefeet)

Alva B. Adams Colorado River S. Platte River 215,000

Moffat Tunnel Upper Colorado S.Platte River 50,000

Harold D. Roberts Blue River S. Platte River 58,000
Homestake Tunnel Upper Eagle R. Arkansas Rier 25,00

Charles H. Bousteadrryingpan River Arkansas River 50,000

Twin Lakes Tunnel Roaring Fork Arkansas River 40,000

San JuarChama Rio Blanco Rio Grande 90,000

The lagest of all diversios within the state ithe AlvaB. Adams Tunneand its

extersive infragructure collectivelyknown byits more formalname of the ColoradBig

ThompsorProject with theVindy GapProjectbeing a smaller part of the overall system.

This project is arguablyalso the most complex politically, economically, and phyisica

of all the tansbasin diversions in Colorado. Initial discussion and surveys fmgae

ColoradeBig ThompsorProject(CBT) in 1933 and the final project was not conmede

until 1956.

TheCBT was born from the realization that John Charles Frémastrightin

1842 when he said that the plains just east of the Rocky Moufrbnt could be fertile

crodand if given somevater. When Horace Greeley urged young Ameri¢ag® west

to find their future and the Union Colony was createdr the futursite of Greley, the
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vision of Frémont and of irrigation ditches watering productive fields became g.realit
But soon after the Colony began its irrigationndfat eventuallywould becomeabout
12,000 acresising water from th€ache la PoudrRiver, othes flockedto join what

they hoped would be an agricultural bonaimzthe potentially verdant South PlaRéver
Basin That hope, if not dashedasat leassomewhatlimmedby the lack of additinal
sources of water for the ditchd$ecomplex and audamusidea br bringing some of

the relatively abundant water from the Wesid# to the South Platiiver Basin in the
eastemergedThe Grand Rier Ditch over La Poudre Paatsthe Continental vide was
afirst, small start, but the farmers of the eastelains lad mud bigger irrigation
dreams.

Early plans for a much more massive diversion prageatove watefrom the
west to the east side of the mountains came te.iti 1889 planning ffort funded by
the Colorado legislatut® get water from Mnarch Lakeon the westsideto St. Vrain
Cree& on the eastnded withminimal effect. The newly formed U.S. Reclamation
Service in 1904 proposed a twelwgle tunnel from Grad Lake to the Big Tbhmpson
Riverthatmet the same fatieit languished in burescracy andesisance.ln 1915 Rocky
MountainNational Park was established in a location that one might think was
deliberately meant to block any projesbving wateifrom the Grand Lake area tile
east.National @rks have very strenuous environmentiés, everback n 1915, which
would precludenany of theschemegor a major diversion through thark. But the bill
that authorized the park also included language thatfeadly would allowthe

Reclamation Service to use whatever resources witkipahk thatvould promote the
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development and maintenance of a federally sponsored government reclar@géon
This st the stage fahe events that took plagethedeades that followed

The dry years of the Dust Bowl began in Colorado in thetotidte 192s. As
the weather got drier and the crops beganitiber andfail, U.S. Senator Alva B. Adas
of Colorado started to push for federally sponsored resources twater from the

uppe Colorado River to the eastern slagpedthe South Platte iRer basin Oncethe

Roosevel't admini stration took office and

took on new lifeand rapidly gained momenturAn informal group of prmoters of the
projectcenteredheir effortsarounda core of strong supportersGreeleyand
surrounding placesThis group eventually took on a more formal status as the Northern
Colorado Water Conservancy Distridthis local group, Colorado state gawaent, and
the fedeal government all backed the idea of a massive transbasirsidin. B, as
might be expected, there was some very stiff oppoditan nearly everyone who lived,
worked, or representdte part of Colorado wesidf the divide.

Colorado Congressman EdwaiTaylor was the leader of opposition to this, and
most, trasmountairdiversons taking water from west t@ast. He wanted to preserve the

Westen$ opeds future for their Iiosstedha/ta tdoear

devel

beg

C

diversion,the westensb pe woul d +icetpat acifamo tacc rceo mpensati on.

Needless toay, the west side of the divide had much less economic and political power
soTaylor and his allies settled for a compromise that includetuhding of the Green
Mountain Feservoir o the Blue River just upstream from its confluence with the
Colorado Rver nar Kremmling.This reservoir would supply water to western slope

users aly. With more machinations and convolutions that are too numerous to outline
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here, tle Bureau of Reclamain (renamed from the older U.S. ReuoationSeavice) and
thePark frviceironed out differences and in 1937 Congress began funding for the
rechrista e d A C®Bli @r &dh@ mp s(CBT) (Autobe, 4996).0
Funding for the project v&split between theefderal government and the users of
the water east of the dde, espeailly theNorthern Colorado Water Conservancy
District. The local costs were ratly offset bythe sale o€lectricity generagdfrom
several dams throughout the CBJonstruction begamil938, but many delays
occurred, not the least of which whe advenbf World War II. The project was
considered, or at least arguedbe so imprtant that inl943 the varying organizations at
the federal level decided the work 6BT wascritical tothe war effort so work
recommenced. It was not until 1957at the ful water volume(about 215,000 acfieet
per yearplanned for the project started to be delivered to the dry fields of the east.
What infrastructure does it takehelpirrigate 720,00 acres of farmland up to a
hundred miles and one giant nmbain rangesastof wherethe water exists naturally? The
answer is a very complex, highly integrated, and very-emdjineered one. The first
major piece of the constructignizzle was the Greedountain ReservoifFigure 4.
There were probably some engering resons hat thisstorage facility came first, but it
was also to assuage the West Slope interests and ensure them that their concerns would
not be laid aside over teOn the west sidefdhe divide, several other reservoirs and
linkages betweereservoirsvere reeded. Ladowners on and near Grand Lakiee
largest natural lake in the statesisted all along that the lake levels could not vary as
they do in almosany reservoir. So aystem of other reservoirs, pumping plants, canals,

and grauviy feeds wa creged to leep the natural Grand Lake natural. Granby Reservoir
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was the largest of the reservoirs and the pumping station built there took water from it
uphill 125 feet to Shadow Mantain Reservoir (both of these-natural water bodies are
now called dkes).ShadowMountain connects to Grand Lake and keeps it at the required
level. The actual diversion of the water to the Alva B. Adams tunnel is from Grand Lake
and the water flowshrough the tunnel by gravity alone until it reaches the eastde of

the mauntainsabove Estes Park.

Water Collection and A\
Distribution Systems P g, | 1 O

Northern Coloraco Water Conservancy District
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Figure 47 Schematic map of the ColoradBig Thompson projectourtesy othe Northern Colaado

Water Conservancy District)

Onthe east side there are siphons and a power plant at Mary's Lake from which
the water continues downhill to the Estes Power Pladttaan on to Lake Estes held

back by the Olympus Dam. More diversionanals,power plants, tunnels, and reservoirs

109



are loaed downstream from Lake Estesome of which use the Big Thompson River
but mast of the water goes through more tunnels and ipgg(Figure5). The design of
the distribution system and its comporgeah he east side are much more complex and
extensve than the collection system on the west side. They include Pinewood,
Horsetooth Flatiron, and Boulder reservoirs. They also idelCarter Lake, the St.

Vrain, Hansen, North Poudre, Boulder, and S@&I#itesupply canals. A large amount of
the CBT wate actually ends up in the South Platte River that takes the water to farm
fields and irrigation districts far out into the plainstaf the mountains. The entire
system raises water more than 1,000 éeethe west and drops it more than 3,000 feet on
the east Figure6). All in all, it is a massive system costing very large amoohitsoney,
effort, planning, and time. It is the st mover of water in Colorado, but it is hardly the

only one.

Figure 51 Mar y 6 s L a k & agaa of the epdtesdape infrastructure for the CBT project.

110



feet in elevation Continental  Divide *
(opproximae Vodts FA% B C-BT Profile Map

9,000 — Shadow Mountain

Reservoir Grand Lake /" Adoms
& " \ \ Tunnel
Green Mountain ‘ e st Mary's Lake

8,000 — Resmr "W'b‘l.oke Granby e
> %
s River \ Willow Creek Reservoir _I.g.l.(e_istes
.ado & 3 - -
colordt Windy Gap Reservoir 2
7,000 — o oy oy '._Pinewood Reservoir
V-
T T . T

Carter Lake % . Horsetooth=<4s
L Reservoir
=% 2
= SOUTH PLATTE - g
5 SUPPLY CANAL 2 gVan 4 BIS s
e BOUDER \> Zana, Flatiron \Z FEeDER
, £ Reservoir\* C#

FEEDER
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The CBT project was designed as a single system thagdsa large number of
usersi farmers, industry, and severalnicipalities Thesecond largest city vier
system in the state is the Colorado Springs Utilities water systémsdsaseveal
different transmountain diversion projects that focus watevel®ito a single usér
William Jackson Palmer established the Fountain Calori871. It was renamed
Colorado Springs the next year. As a community on the eastern sidenoduhéins, it
sat squarely in a serarid environment, and like arjty, neeed ready access to clean
water. The earliest water supplies for the city edmmm the south slope of ks Peak.
Several small reservoirs and tunnels were built that supplmeyemvaterto Colorado
Springs to take it into the 1930s. More local waterettgyment occurred when the\cit

started putting together the Nortlofe system fowater collection onhte Peak including
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Crystal and South Catamount reservoirs. pheately held Nethfield System thatised
water fromthe West Monument €ekwatershedvas purchased by the city in 1949. But
as the city grew, adding population and &agpvernment water ussuch aghe U.S.

Air Force Academy, it was soon evident ttiagre would nobe enaigh water for the city
from these eastern slope sources.

The firg transmountain project Colorado Springs developed was the Blue River
systemin the early 195QsThis poject took water from the headwaters of the Blue River
and moed it through thédooser Pass Tunnel into Montgomery Reservoir on the east
side of HoosiePasslt thenput the watemto the Blue River Pipeline that brought the
waterto storage facilitieat Rampart and the newly built North Catamount Reservoirs.
As transmountain dersionprojects go, this was a relatlyesmall effort that collected
andmoved only about 8,400 acfeet of water a year. But it was the harbinger ofeno
massive and complesystems soon to come.

Even as the Blue River system was béngdt, a much mpoe ex@nsivescheme
was being planned in cooperation with the City of@kar Both cities owned the water
rights to large amounts of water in the uppetanghed of the Eagle Wir1 in particular
Homestake Creek. The physical needs ohtewsystem bririgg Homestake Creek
water all the way to Colorado Springs were dauntiogthe economic and political
aspects may have beemenmore so. The Homestakireek watershed is a jpa
supplier of water to the Holy Cross Wilderness aféeinitial project wa deenad
Phase | and captured and delivered over 25,006feet®f wate that was split between
the two cities. Phase Il of the plan was to greatly paghe amount of watdérom the

Homestake watershed, but in 1986 the Eagle Countyn@issioners deniethe land use
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permit that would havallowedthe projecto move forward.The two cities sued but the
Eagle County decision stood. Colorado Springs anraustill owned substdial water
rights in the Homestake watershaat had no wayf moving that weer into their
distribution systems. After lengthy legal wrangling areipreme Court decision in
favor of Eagle County, the Eagle River Memorandum wgasesd by the numerous
interested parties in 1998. This stated smabetimen the future someor all of those
existing water rightsight be able to be used undmrtain conditions(italics added by
author) Local agreement about collection points, emwimental restrictiongnd other
issues still need to be negotiated, lrheday, more Homestake watwvill probably
make the long journeys to Colorado Springs and Aurora.

In 1972 Colorado Springs purchased majority shares from the private Twin Lakes
Conmpany to getnuchof theRoaring Fork River water the company brought urider
continental divide andelivered to the Twin Lakes between Buena Vista and LeadVville.
Colorado $rings broughthis water down the Arkansas River to the Otero Pump station
and aldedit to the Blue Rier water going to the Springs. This was onlylieginning of
the complex mix bwater rights/sources and conveyance facilities that the city has
develged over the last 50 years to supply its water needs.

Since the late 1970s Co#mto Springs has beerpartner in the Bureau of
Recl amat i o nAtkansaB projectthgt presgvater hrough theCharles H.
Bousted Tunnel from the Fryingpan Rivea tributary to the Roaring Forlnto the
Arkansas River anthe Pueblo Reservoir. @orado Spring$uilt the Fountain Valley
Conduit to carry a portion dhis water north and uphill tthe aty, but this relatively

small conduit could not carry all of thaned water rights water owned by the dityat
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ended up in the Pueblo Reservdifter decades of cordrersy, lawsuits, litigation, and
negotiation, tk large Southern Delivery Sgsh prgect from Pueblo Reservoir north to
the Springs waBinally compleedin 2016 to carry most of the remainder of the water
Colorado Springs had th@ghts to into théreament and distributiosystens serving the
communty.

The city also added soneemplex water exchanges to this mix that they agreed to
with the ColoraddCanal Company and others who owned water rights in the eastern
reaches of the Aansas RiverThis lastpiece of the multifaceted system is
euphemistice | y cal | ed nAtdhuyng up of dvated nightoof farmars, im this
case in the Arkansas &y, and transferring the water from farm to city. Many
organizations and agensiare trying to work oways that the resultant abandonment of
irrigatedfarms in some of the commuieis abng the Arkansas and other rivers and
streams can be mitigated. Taés a long list of ways that water rights can be exercised
and water moved fromne point to anotheand Colorado Springs has used most of
them. kgure 7 is a synopsis of the Colado Spings water systerwhich is duplicated in
extent if not in exact dails by other cities in Colorado, especially Denver and its famous
(or infamots) Denver Watei thecityd erganizatiorresponsible for procuring water for

the City of Denver.
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Of all of the Eastrn Slope owners of Westn Slope water rights, Denver Water

might be the most notorious for its aggressive tactics in getting the diversoessary

to move their water over/urdthe divide. Over the decades Denver Wats usdwhat

many would consider trmidation by legal means at best and bullying at worst to get

their waterfrom western slope sources decision by the U.S. Envirorental Protection

Agency in the 1980s miglnave been the first successful chink in #éneorof Denver

Water.Denver Wateproposed the Wo Forks Dam on the South Platte River

downstream from the littlsnountaintown of Declers. The dam would havloodeda
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very large pdrof theSouthPlatte \alley in the mountains and foothills west of Der
that included big sections ofo® Medal trout fishinghabitat. For a variety of reasons,
theEPA concluded that the dam would be an
disapproved the permithis rejection byEPA wasa turning point for Denver Water
They hae moved more towandegotiation and compromism recent years

One cleaand important example of this nemore cooperativstrategy is what
occurredn 2014 amag Denver WatelGGrand Countyand othersn connection to the
Fraser Rivei a majortributary to the upper Colorado Rivedenver Water owned
substantial rights to water in theaSer. Before this timBenver had been taking some of
its water from the vier, but there were marnkliousandef ace-feet it still had rights to
that it could ot yetmove. Over a number of yeaes) agreement was reached that
provided Denver Water with some flows, mostly during the spring melt seHsere
were significant rdsictions during other seasons and ingsof reduced flow from

drought. In a statemé¢ mack by Jim Lochhead, CEO of Deav Wat er , A Wedr e

no

to be diverting water all the time. We wonot

only divert waer during the spring runoff. At othemesof year , weol | put

intothe [Faserlr i ver and i mpgBemvwne&0ld)ondi ti onso

el

Two other issuesvolving water rights and diversiomse less understood, but no
less important than thesliscussed above. The first issue deals wélarttane concept of
Areturn f | owatelawi Returd ftolwsoare 8cdvihat return to a stream after
being put onto irrigated field§he crop being irrigated certainly uses a large part of the
wate, but ®me of the water added to the field rurfison the surface and ends up back
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in the sreamtanal from which it cameéAnothersmall but important part of that initial
irrigation watersoaks into the ground and ends up in the ground wateritéble
eventually resurfasand entesthe original cad or stream or some other watercourse
downdope.Either way these return watdrave owners of the rights to theathowing
themto use the same water from the original source over (and maybe over) adhin. Wi
trangnountainwater transfersthe return war has no one who owns the rights to them,
adthee f or e, t he who ee x tsmmddreciDnu dGne dbwn$tream
who owns those water rights. This means that the peopl®@whaghts on the wstern
side of the divide from here the originawatercamedo not get the benefits of retur
flows. Legal opinions have madecitear that th@wners of water rights taken from the
source in the west and used in the east do not have to account fauthélogvs that
would have occued if the watehad stayed in its original basin. Tipetental water
usersin the west not onljose their original flows but also their return flows which are
substantialPredictably this double jeopardy is viewed ag# and proper by those who
havemoved and aresing the watepn the Eatern Slope and as fair and unjust by
those on the Westn Slope.

The second issue Be questiorof who suffers the impacts the most from
transmountain diversionbor the most pathe impacts of diversions afft those areasf
the contributing watersheds that are cébdethe dividemore than the monmajor
streams downslop#ost water is not taken from the main stem of the Colorado River
for exampleput from the smadirtributaries upstream. In our exalep that meanthe
water is removed from streams suctHasnestakeCreek, the upper reaches oéth

Fryingpan and Roaring Fork Rivers, the Fraser River, Lily Creek, and other lesser
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watercourseéFigure 8) The taking of relvely large amounts of waterdm relatively

small streams impacts aquatic and riparian gstesmsnear the headwaters
dispropotionally to their ability to withstand the removal of the wateraddition toan
overall reduction in flows for these smaileams, it can have the very agige effect of
permanently changing the water temperaturethestreams. Thisnaysound trivid but

is seriously important for native species of plants and animals that have evolved to adapt
to certain temperature levad$ the waterOther water qualitissues are atsmportant as
there is less water in thespper eaches to dilute pollutantsathenter the streamand

there are lsanges in aquatic and riparian habitatdudingimpacts on endangered
speciesn these eosystems that line the small watercourses tieativide. Thee are

also major issues footal e&onomies of the communitiesathimake much of their living
from tourism and recreation that depend on these headwaters for fishing, hunting, and

other activties.

Figure 87 Homestake Dam and Homestaked& i part of the Colorado Springs water system.
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Water transmountain divemsis are not a thing of the past, butweey they have
been accomplished may be changing. With more interest in environmental issues, more
development on the western slopere rapid population gswth in Colorado and
especiallyalong the Front Range, beutorce litigationover water issuggrobably is
going to diminishandbereplaced by mordiplomacy, conciliation, and cooperation. Add
to this mix the very reahfluencethat climate change is@ng to be making on the
Southwst in general and Coloradio particular There are going to be moaad nore
demands put on a system that is going to fes®and less water. And most precipitation
in Colorado will still be to the wst of theDivide while most of the people will be the
eastConsideringhereeds of al |l of Cordl msouacdsonvdl bethiee opl e ar
only way to assure that we caraintain Colorado as th@acethat it is The Colorado
Water Plan initiatedyoGovernor Hickenloogr and finalized in 2016 an importantstart
in dealing wth these issuesee the chapter on thNéater Plan). This plan hopes to take
all the issues that all stakeholders (that means every resident of the state) have and work
to solve them where possibland mitigate where it is ndthe plan specifically outties
seven principles for future transmdaim dversion proposalsThese principlegclude
the need t@onsiderthe environmeral needsthe role of conservation and reusenater;
and the ideahiat western slope needs will Becommodated for any futupeojects.lt is
an interesting and hopdfdoaument and should be required reading for all of Colorado

(Coloradd ®vater Plan 2015)
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Compacts

The U.S. Supreme Court Decisim Kansas v Coloradan 1907 put thealmost
final and'sort of definitivé nail in the coffin of Colorado thinking ttould keep all of the
water that falls on its land for use in Coloradlbe decisiorstatecthat all the major
rivers (especially oufour) have always flowd through the states downstream and that
these stateareaccorded their rights to some of the waliéhe opinion is "almost" and
"sort of" because in the next century, there were innumerable local, state, and federal
court cases, entable decrees, menarda of understanding, treaties and compacts that
added taand altered the ways we share and dividevaer in the WestBy law and
logic, the federal government is the legal entity responsible for deciding water issues
betweerand anongststates anavith foreign governmentsince together all of our rivers
flow through 18 othestates and Mexicdn fact there are three very specific ways the
feds can solve controversiesdween stategirst, there is direct legislation by Congress
in essence Congresasithe ultimate power to decide issues between statesetbed
method is through lawsuitsetweerand anong states that get to the U.S. Supreme Court
as stipulated in Article Il of the U.S.dBstitution. The resulti® court caseare often not
totally satisfying to either parfyand in some cases the coudymot even make a
definitive decigon. The thid method, anthe one that is most used and understood, are
compacts resolved and written by the states involved with fedgreivah The idea of
compacts is specified in Article | of the U.S. Constitutiand with Congress' approval
statescan ngotiae these compacts that are binding and help preclude and reduce (but not
necessarilstop) other litigationBecause Mexico is sovereigncountry, wagr issues

with it are negotiated through treaties.
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The "godfather" of Colorado water compaatith otherstates was Delph
Carpenter. Many consider him the innovator who came up with the idea of water
compacts between states to sabsaes before they taed into litigationi the equivalent
of legal war over watr. Carpenter was a Colorado St&snatorfrom 1909 to 1911 and
descendant of some of the initiaigators in the state ainion ColonynearGreeley.
When hdeft the Sente, he becam€oloradds goto person for water issu@sth other
statesHe repesented Colorado in the U.S. SupeeCout caseof Wyoming v Colorado
in 1922. He then took his ideas of water compacts between statesabléhie the
negotiations amongs§tolorado, Utah, Wyonrig, New Mexico, Arizona, Nevada, and
California over the \ater in the ColoradoiRer andits basin A quote from the 1922
Colorado River Compact states succinctly the reasons Carpenter and the other states'
negotiatorsame to this Hstoric agreement:

Themajor purposes of this compact are to provide for théadala division and
apportionmat of the e ofthe waters of the Colorado River System; to
establish the relative importance of different beneficial uses of water; to promote
interstate comity; toeemove causes of present and future controversies; and to
secure the expeditious agriautal and imustral development of the Colorado
River Basin, the storage of its waters and the protection airifeproperty
from floods.
Most of the compacts discasdbelowcould use almost identical wordiag towhy the
compact wagstablishedn spie of the &ct that each compact for each of our rivers is a
unique document with a multitude of ways to satisfy these "purpoBaes Hstory ard

wording for each ofhe compacts for our four rivers is different amdque n their own
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ways. Looking at them in somgetailhelps us to put into perspective what we know

about Colorado watemdhow we are part of the larger community of the West.

~«

Although the Ry Grande drains the smallest area (~ 8,000 square miles) of
Colorado by fa of our four rivers, it ighe lbongestiver (1,896 miles) beginning in
Colorado. Its small size does not diminish the battles over the water tisetidy
farmersand ranchers irColorado’'sSan Luis \alley andallocateddownstreamo New
Mexico, Texas, ath Mexico.Much of the area thetheRio Grande drains in Colorado is
in the San Luis Valley~3,200square miles the only true desert region in the state with
anaverage precigation rate between seven and eight inches per yespite ofthe arid
climate of the B Grande basimitheSan Luis \alley, up to 600,000 acres of farm land
is irrigated every year arzD0,000 acres of the valley floor are in wildlganctuary
wetlands such as the Baca, Alamosa and MonstaMNational Wildlife Refuges.

The 1938 Rio Grande Compact wasdlized only after years of conflict and
acrimony(Figure 1) By 1937 a comprehensive federal study of the water in the river
systemfound that evemat that early date, the river was already es@propriated it was
difficult if not impossibleto startnew waer uses without diminishing the water of users
alreadyin the system. In the years leading up to the study, Congrestohadariety of
rea®ns,repeatedly set embargoes in place that stopped reservelopment in New
Mexico and Coloraddn 1905 the Bureau of Reclamation started the Rio Grande project
which was designed to provide irrigation water for the lower Rio Grardleywin New
Mexico and the upper part of the Valley in Texas. Elephant ButterReir was

completed in 1916 as part diet ageement. The 1938 Compact made liberal use of the
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Elepham Butte Reservoir in its provisionBecause the river is s@riable inits flows,

the Compmact basicallystateghat when the river is low during drdofgconditions, less
water needs to be relsed ly Colorado; when the river is high in a wet year, moagew
needs to be released. Both the Rio Grande and its principal tyilbuthe San Lis
Valley, the Conejos River, are regulasaparatelyA very key provision in the Compact
that has affeed the Valley and will continue to do so in the future isttuay deficit that
Colorado provides to the lower basin states mustdude op for in raluctions in surface
water irrigation by the users in the Vall&his provision is having a significaatfect i

the farmers in the Valley today and into the future.

Rio Grande Basin

Mexico

Mexico

Figure 17 Rio Grande Compact Map

Because the surface water in thsibds over allocated, the water aladile to

provide downstreamwater rightds almost always in deficit. A very complex, costly, and

123



controvesialfix to the problem starts in what is called the ClosediB.From around 3
million years ago until 440,000ears ago (a short time gegioally), most of the San
Luis Valley was coveretly a very large, shallow lake that we now call Ancient Lake
Alamosa.This lake was dammed at the southern end of the vaigynprth of the New
Mexican border by a series wdlcanic hills. Evidence of its brelaing can be seen near
those hills, and dettional evidence of the lake's existence can be found thraugm
flat terrain in the valleyThese lacustrineor lake,sediments have a particular pattern that
could onlybe made by suspended sediments sjogdming out of suspension and
creating vey flat lying, fine deposited material. At thesrliertime thevalley was
basically a flat plai tilted ever so slightly sdgh. During the nearly 2.5 million years of
the lakes existence, ta Rio Grande rapidlgroded the unconsolidated glacial sediments
formed in the San Juan Mountains and carried this matemathiatalley exiting the
mountains near what we now call Solork. As the river's velocity slowed when it hit
theflatter topography of the valleyuch of the load of river sediments was a&fed
along and next to the course of the river. These rigasimfuvial sediments produced a
low ridge just high enougto blockwater flowing south from the northethird of the
valley. Thisarea north of tl low ridgeis now what we know of as thddSed Basin.
Surface water does not escape from the basin.BHsiswith no outletsvould soon
become a lake in most ensirments, but th&alley's low rainfall precludes thérom
happening.

The surface of # Closed Basin is a desert, but below gtbare huge aqters
that hold billions of acréeet of water, ad thewater in these aquifers slowly moves

south and becomse@inderground tributaries to the Rio Grande over jpagds of time.
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The aquifer systenm the closed basin is complex, but badjctiere is an unconfined
aquifer just below the surfaget even canes to the surface at the San Luis Lakes as the
surfaceof these lakes is the top of the "underground” watiele. There is also a much
deeperconfined aquiferA confinedaquifermeanghat thereareimpermeable laysrof
sediments, usually claypth almve and below the aquifer. Recent research has shown a
possible connection between these two aquiferstranefore both are considered
"tributary groundwater" by the State Engineer #ralsigners of the Rio Grande
Compact.

The soils in the San lisiValley are actually quite fertile add a little (or a lobf)
water, and agriculture can be a very viableusiy. In fact at any one time theage
between 485,000 and 600,000 acres ofiland irrigated in th&/alley. Aside from
traditional acequiar irrigation ditches in many of the Hispanic communitieghzsouth
of theValley, most of these irrigatedr@sare wetted by center pivot irritian rigs
attached to wells of various dégtdepending on which aquifer is being tap@edure
2). Sincel976there has been so much groundwatehaviawal in theClosed Basinthe
guantity of groundwater has deceasethe unconfined aquifer there by2Imillion acre
feet. So much water is bgimemoved that the flows of the Rio Grande are being altered.
There ae also nearly 3,400 wells drilled into the uncondirguifer that adds to the
lowering of flows in the ser. Needless to say, reduced flowmghe Rio Grande as it
flows south out of Glorado to New Mexico, Texas, and Mexico have those entitigs ve
corcerned over the lack of Colorado's adherence to timep@ct. In many years Colorado

is actually in deficito its obligations to provide wateo the downstream users.
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Figure 27 A USGSsatellite image of the extensive center pivot irrigation in the northern part of the San

Luis Valley(courtesy ohttp://earthexjorer.usgs.qgoy/

A partialyet substantiadolution to this dilemma is th&ClosedBasinProject.”
According to the U.S. Bueal of Reclamatio, the oversaeof the project,liepurpcse of
the project i s to Hhdévaterand availdbsurface fowsrinfthen e d
Closed Basin that would otherwise be lost to evapotreaatemé  THis salvaged water
is pumped from the area near B&n Luis Lakemto a 42 milelong channel to the Rio
Grande. It alsprovides water to thAlamosa MNational Widlife Refuge and the Blanca
Wildlife Habitat Area. These two wildlife aregsovide for graundwater replenishment
as some of the waters in thexmaks back into the unconfined aquifeetow. The system
for the project is complex witregeral observation @lis used to monitor aquifer levels,
lateral ppelines, a conveyance channeig athe structures that help to keep the balance
of water use irtheck as battles over reduced water availability are waged in and between

the statesOf caurse there is onlyosmuch water, so as the unconfined and confined
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