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Introduction 

 Rainwater and snow melt ï topography and gravity. These are the simple 

ingredients needed to create a river. That river can be one of nature's most beautiful and 

functional elements but can also become dangerous, toxic, garbage strewn, sterile, and 

ugly. The choice between these two options is often made by the humans who live, 

manufacture, grow, and move things along the banks or in the watersheds of this 

(usually) naturally flowing waterway. It is a cliché that water is life ï but clichés are 

repeated so frequently because they are often true. In innumerable Native American tribal 

cultures, water is even more than life, it is a sacred substance that defines existence. No 

life that we know of can exist without water, and rivers are nature's way of moving water 

across the landscape from higher to lower elevations spreading this life-giving substance 

around. 

 Colorado has dramatically exaggerated topography and large relief between the 

high mountains above and the plateaus and plains below. Because of these elevation 

differences, the mountains of the state became the birthing grounds for many of our 

streams and rivers ï the physical science reasons for this phenomenon are highlighted in 

the Water chapter. Because of the number of important rivers of the West that originate 

in the state, some actually call Colorado the "Mother of Rivers." This rather hyperbolic 

name has a large grain of truth in it. Almost all of the West, that land west of the 

hundredth meridian, is a normally dry landscape only punctuated by the wetter mountains 

that give a reprieve to the aridity of most of the area. The mountains are known for their 

steep slopes and rocky crags, but they are also known for their expansive forests ï 

ponderosa and lodgepole pine, Engelmann spruce, subalpine and Colorado blue spruce, 
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and, of course, our beloved aspen groves. The natural vegetation on the usually much 

drier plains and plateaus consists of short grass prairie, shrubland, and maybe some 

scattered piñon-juniper woodland. All of our cities at the lower elevations have tree-lined 

boulevards and lush, green lawns. But these can only exist because we bring enough 

mountain water into town to irrigate these non-native vegetation types. 

 

 Colorado has four celebrated river systems that begin in the highest reaches of our 

mountains. The first of these was named the 'Grand' by the initial Anglo settlers in the 

state, but eventually in the 1920s was renamed the Colorado River and is the only river 

system that drains the land west of the continental divide. It rises in the far northwestern 

corner of Rocky Mountain National Park and flows south into Middle Park. From Middle 

Park it runs through Gore Canyon and westward through Glenwood Springs. By this 

point it has become a relatively large river by western standards. It continues west past 

places such as Rifle, De Beque, Parachute, and Clifton. Finally, it reaches its confluence 

with the Gunnison River at Grand Junction. From this point almost to its mouth in the 

Gulf of California, it is flowing through the canyons and gorges of the Colorado Plateau 

country. It has a significant cadre of tributaries that are entirely or at least begin in the 

state including the Gunnison, Dolores, White, Yampa, and San Juan Rivers. In total the 

Colorado River basin has a flow of almost 9 million acre-feet a year (an acre-foot is the 

amount of water in an acre covered by water one-foot deep) (Figure 1). 
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Figure 1 ï This map shows the watersheds for the four major river systems of Colorado ï the Colorado, 

Rio Grande, Arkansas, and Platte Rivers. 

 

 The Western Slope of Colorado is where most of the state's precipitation falls ï 

this is borne out by the fact the total discharge from our three other rivers, all on the 

Eastern Slope flowing to the Gulf of Mexico, is barely one-ninth that of the Colorado 

basin. The Rio Grande, the Platte, and the Arkansas Rivers together discharge just over 1 

million acre-feet per year. We will see in later chapters that this is the reason for some 

understandable discontent on the western slope (see the chapters Diversions, Law, and 

Compacts). The Rio Grande starts in the high mountains on the eastern side of the San 

Juans near Stony Pass and Canby Mountain. It flows eastward through volcanic 

landscapes for many miles past Creede and South Fork where it enters the San Luis 

Valley and then to Del Norte where it starts to head southeast toward Monte Vista and 
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Alamosa. The remainder of its course flows through a geologic landscape known as the 

Rio Grande rift . From there it heads due south and eventually out of the state into New 

Mexico. 

 The Arkansas River has two major sources ï both a few miles outside of 

Leadville. The first is just below Tennessee Pass where Tennessee Creek flows through a 

landscape of widespread willow carrs. The second and slightly larger branch starts on the 

southern slopes of Mt. Arkansas near Fremont Pass. These two branches come together 

just on the northern edge of Leadville. From here the river runs almost straight south 

through the large valley on the eastern side of the Sawatch Mountains until it reaches 

Salida. This valley is also part of the Rio Grande rift geologic structure. At Salida the 

river makes a hard- 

left turn toward the east where it eventually runs through the Royal Gorge and into Cañon 

City. From here to the Kansas border, the Arkansas drains almost all of the southeastern 

part of Colorado and flows over short grass prairie and semi-arid landscapes. It exits the 

state just east of Holly at one of the lowest elevations in all  of Colorado ï a mere 3,317 

feet above sea level. 

 The entire northeastern part of Colorado is drained by the Platte (both North and 

South) River. The North Platte drains North Park -- the far northwestern corner of the 

Platte Basin. This is the smallest of the four 'Parks' in Colorado (the three others are 

Middle and South Parks and the San Luis Valley). The North Platte flows north into 

Wyoming and eventually meets with the South Platte at North Platte, Nebraska. The 

South Platte has three nearly equal sources ï prosaically called the North Fork, Middle 

Fork, and South Fork. The North Fork rises just below Handcart Peak and Webster Pass 
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while the Middle and South Forks begin in the Mosquito Range just below Mt. Lincoln 

and Weston Pass respectively. The South and Middle Forks converge just east of Hartsel 

before they reach Spinney Reservoir in South Park. The North Platte joins them just as 

the river flows into Platte Canyon southwest of Chatfield Reservoir near Denver. The 

fully formed South Platte then flows northeast through Denver and out into the plains of 

northeastern Colorado. It eventually leaves the state just beyond Julesburg in the far 

northeastern corner of Colorado. 

 

 Our four rivers are important for the influence that they have on the state of 

Colorado and most of the western and southwestern lands of the US. They impact what 

ecosystems exist, where people live and work, what economies are viable, and almost 

every other aspect of life. But the rivers are also being influenced by physical 

characteristics of the land, 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. But a relatively simple synopsis of it wil l be 

useful for understanding water and the rivers that move it. Figure 2 is a cartographers's 

perspective of Colorado geology. It highlights in vibrant colors the major classes of rocks 

in the various parts of the state. 
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Figure 2 ï This is a simplified geologic map for the state 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. We have plenty of uphill movement of water in Colorado (see 

the Diversions chapter), but without the artificial assistance of pumps and siphons, all 

water obeys gravity and runs from high to low. And as we will see in the chapter on 

Water, most of our flowing water originates in our high mountains where that downhill 

run starts. The question here might be, why does Colorado have all those high-altitude 

landscapes we call mountains? That query is almost totally answered by looking at and 

understanding the geology of the state -- both its multitude of rock types and the physical 
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movements of the crust of the earth that rearrange those rocks both vertically and 

horizontally.  

 The foundation of geology anywhere on earth starts with the scientifically 

established theory of plate tectonics. To simply state this theory, large, solid plates of the 

earth's crust are constantly in motion, driven by molten and semi-molten magma 

circulating at considerable depths below them. These plates vary in size, rock type, 

density, and chemistry. It is generally accepted by geologists and geophysicists that seven 

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) while others are 

slightly less dense (continental plates) (Figure 3). Some plates only move horizontally, 

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 continents wander, 

new parts of continents to form, some plates disappear, and vast mountain systems to rise 

and eventually wane as they are relentlessly eroded. The place we know of as Colorado 

has, over hundreds of millions of years, experienced its share of horizontal movements 

ranging from tropical latitudes to more northerly ones. It has also experienced the many 

ups and downs of repeated mountain building and mountain destruction, all coming from 

innumerable plate movements and relentless erosion. We know that there have been 

multiple mountain systems in the area of Colorado ï the mountains we see today are only 

the latest. 
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Figure 3 ï This is a basic map of the worldwide tectonic plates that cover the earth. (courtesy of the U.S. 

Geological Survey) 

 

 Over the course of earth's 4.5+ billion-year history, the spot on the planet that we 

call Colorado has had multiple mountain building episodes. Probably there are some we 

will never know about ï their remnants have been obliterated by erosion and tectonic 

activity. We are certain about the last two of these orogenic periods, however. The first of 

these occurred during the Pennsylvanian period (Figure 4). At the beginning of that 

period, Colorado was under the influence of and often covered by shallow seas in a 

tropical environment near the equator. But rapid tectonic changes thrust up two separate 

but related highlands ï one was called Frontrangia (for the obvious reason that it was 

basically where our current Front Range is), the other was the Uncompahgre Highlands in 

the more southwestern part of Colorado. These two highlands were often surrounded by 

shallow seas as evidenced by the sediments that have been left behind. 
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Figure 4 ï This is the geologic timescale for Colorado as depicted in Messages in Stone, Colorado 

Geological Survey. (courtesy of the Colorado Geological Survey) 

 

 The second of these latter uplifts, called the Laramide Orogeny, began about 65 - 

70 million years ago and lasted for almost 30 million years. The current explanation by 
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geologists for this uplift is that because of the Ancestral Rockies and the stresses caused 

by massive earth movements when they were formed, the area's basement rock core was 

weakened by fractures, fissures, and thinning. It is speculated that a low-angle subduction 

plate coming in from the west at the end of the Cretaceous period provided the force to 

push up large masses of old, buried intrusive granitic and metamorphic rock (often 

classed together as 'crystalline' rock) that moved upward through the overlying 

sediments. Tremendous upward movement lifted the buried intrusive rocks at least 

20,000 vertical feet. Most of our highest mountains ï the 13ers and 14ers ï have these 

crystalline rocks as their core. In addition to the Laramide uplift, some of our current 

mountain regions also have been formed by extensive volcanic activity, coming 

especially during the Tertiary period (see Figure 4 again). The eastern San Juan 

Mountains, the Flattops, Grand Mesa, the West Elks, and the southern end of the San 

Luis Valley are all evidence of this significant volcanic activity of the Tertiary. 

 

 These very large-scale earth movements and wide-spread volcanic extrusions 

have produced an amazingly complex set of rock types in the state. Figure 2 shows broad 

categories of what the geology at the surface is in Colorado. But there are myriad rock, 

mineral, and sediment classes that make up these seven major geologic mapping 

elements. This stunning complexity of rock and the level of uplift in any given region 

have a profound impact on how rivers flow. Harder rock resists erosion more than softer 

rock; the more water erodes rock and soil, the more sediment is carried in the river; 

steeper slopes force water to run faster downhill; shallow slopes force the river to deposit 

the material carried by moving water; and all of these factors interact with weather and 
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climate to define how much, where, and when the water in rivers and the sediment they 

carry affect the landscapes along its course.  

 Most of our four river headwaters start in areas that have some type of granitic 

and/or metamorphic crystalline rocks of the Precambrian era. The North Fork of the 

Platte starts in an area of ancient gneiss ï a major form of metamorphic rock in Colorado. 

The Middle and South Forks of the Platte start in areas of approximately 1.4-billion-year-

old granites with some remnants of Pennsylvanian age sedimentary rock formed from 

material coming off of the Ancestral Rockies. The Colorado River begins in an area with 

a combination of Precambrian granites and gabbro ï an igneous rock with different 

chemistry than granite. The Arkansas River's main stem starts in almost exactly the same 

rock as the Middle Fork of the Platte ï their origins are only about four miles from each 

other. Tennessee Creek is an outlier as it begins in an area of the Pennsylvanian age 

Minturn sedimentary rock and some newer (if 65-million-year-old rock can be new) 

igneous intrusions. The only one of our rivers that begins in a major area of Tertiary 

volcanic activity is the Rio Grande. It begins in the hardened ash flows from multiple 

calderas in the San Juans. 

 The remainder of each of the courses of our rivers is no less complicated. The 

simplest is the Rio Grande. It runs through the Tertiary volcanic rocks of the eastern San 

Juans until it reaches the San Luis Valley where it continues for most of its course in 

Colorado over the unconsolidated deposits of the Quaternary period. The Arkansas flows 

south on the sediments in its own valley bounded by the Sawatch and the Mosquito 

Ranges then turns east where, after 20 miles or so, it goes through the metamorphics and 

granites that make up the Royal Gorge. From here to the Kansas border, it flows over 
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much more recent sedimentary rock of various origins. The Middle and South Forks of 

the South Platte flow over the sediments filling South Park then through more ancient 

Precambrian igneous rocks until hitting the plains near Denver. The North Fork is 

consistent in its continued flows through the Precambrian landscapes. All three forks are 

merged west of Denver and flow over sedimentary geologic landscapes as the Arkansas 

does. The Colorado probably has the most varied geology for its entire length. From 

Granby Reservoir until the Utah border, it runs over granites, volcanics rock, 

Precambrian metamorphics, and a huge variety of sedimentary rocks.  

 The geology always matters, but the inexorable and relentless forces of erosion 

will invariably win out in the end. All four of our rivers carry huge amounts of sediment 

that comes from the erosional processes of the moving water. Over time all rivers erode 

their beds and carry sediment from their respective watersheds. Sometimes they erode 

spectacularly steep canyons, other times nearly flat floodplains that can hardly contain 

the water. John Wesley Powell gave us a geologic axiom that we should keep in mind ï 

to paraphrase him, the faster mountains rise, the faster they erode. Wonderful and awe-

inspiring examples of this axiom can be seen in places like the Royal Gorge. It is such a 

deep and narrow chasm because the land rose very rapidly and provided the Arkansas 

River with the potential energy characteristics needed to downcut rapidly. We see this in 

Glenwood Canyon east of Glenwood Springs along the Colorado; we see it in Waterton 

Canyon on the South Platte; we see it in the Black Canyon of the Gunnison; and, we see 

it in many, many places along the Colorado after it leaves the state (Canyonlands and the 

Grand Canyon to name just two). The combination of topography, climate, geology, 
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tectonics, and time has created one of the most diverse and interesting fluvial landscapes 

in the country. 

 

 The geology and topography of the state set the physical stage for what happens 

to our four rivers as they traverse from the highest elevations until they leave for the 

lands beyond the stateline. But the physical character of each river 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 

group occupying the state would not make use of the most verdant, diverse, and fecund 

ecosystems in Colorado, but 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 of 

water for survival. In the Law chapter, for example, the elaborate and extensive system 

developed by the Ancestral Puebloans to irrigate crops and manage water is outlined. 

Only the actual physical remnants of the irrigation systems in far southwestern Colorado 

tell the story of how these peoples engineered their water world and allow us to discover 

the elegant and utilitarian history. There was no written record. That is the case for nearly 

all of the indigenous groups that lived and moved through the land for thousands of years. 

This is especially the case for the more nomadic tribes who left little corporeal evidence 

of their use of the water resources of our rivers. 

 We do have written evidence for the first actions by the Euro-Americans in 

Colorado in the seventeenth century. The earliest of these excursions we know about are 

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 foot on Plymouth Rock). It was only natural for Spanish explorers 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 Americans, mostly the 

Utes, who already were using the river and the lands around it. Most likely, the first 

entrada or exploration that reached into the San Luis Valley came from members of the 

Don Juan de Oñate expedition in 1607. The Pueblo Revolt of 1680 drove the Spanish 

back to El Paso, the Spanish returned with a vengeance by 1690 and a renewed push into 

the Valley began in earnest. Exploration for gold and silver and the land giveaways by 

the Spanish and eventually by independent Mexico (even though they did not really own 

the land) were common with huge swaths of the Valley awarded as 'Land Grants'. These 

grants included the Sangre de Cristo, Guadalupe, and the Vigil and St. Vrain. Some of 

these land grants still affect property ownership and resource use in the Valley. The small 

village of San Luis on the southeastern side of the Valley was the very first permanent 

human presence when it was established in 1852 ï the oldest town in Colorado. 

 The first official U.S. government expeditions came in the immediate wake of the 

Louisiana Purchase. Lewis and Clark, of course, are known for their explorations 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 and that land considered 

part of Mexico by the Spanish. Pike was tasked to get to the Arkansas River where a part 

of his group was sent downstream to the mouth, and the remainder, including Pike 

himself, went upstream to find the source of the Arkansas and also the Red River that 

was thought to start near the Arkansas. Many historians feel that Pike was intentionally 

sent to the area by his commander General James Wilkinson to provoke a confrontation 
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with the Spanish. Pike never got the war started with Mexico that Wilkinson seemingly 

wanted, but he did get himself and his men arrested and taken to 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 U.S. and Santa Fe (along what became known 

as the Santa Fe Trail). The U.S. Army and frontier entrepreneurs such as the Bent 

brothers established forts and waystations along the route. The heyday of these 

private/public ventures was the 1840s and 50s. 

 The first official expedition on the South Platte was fourteen years later. Major 

Stephen Long was sent to explore the South Platte River to the Rocky Mountain front 

then south along the foothills of the Front Range and on to the Arkansas. Part of his party 

descended the Arkansas while the remainder were still looking for the Red River that 

Pike never found. Long never found it either, mostly because it does not start in Colorado 

as everyone thought. Long's journey did have two impacts. The first is trivial ï Edwin 

James, the naturalist with Long's party, climbed Pikes Peak even though Pike thought it 

would never be 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 it 

"the Great American Desert." This description had significant negative effects on the 

ability of the nascent Colorado Territory to attract farmers, ranchers, and others for 

decades. At that time Colorado was a place to get through as fast as possible to get to 

California, Oregon, and other places farther west. 

 A little over two decades later in 1842, John Frémont followed Long's route up 

the South Platte, but with different impressions. Frémont was trying to find a railroad 

route through the Rockies. Along the way he meticulously catalogued the natural features 
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of the landscape, including the many streams leaving the mountain front, and decided that 

with a little effort, this part of Colorado could bloom. Frémont made additional 

excursions into Colorado including his 1848 expedition during which he tried to cross the 

San Juan Mountains in winter still looking for the railroad route west that he envisioned. 

Several of his men died in this misadventure and literally ended Frémont's hopes for a 

stellar political career. 

 The history of exploration of the Colorado River during this time is less 

straightforward. With the exception of Frémont and Captain John Gunnison who was also 

searching for the elusive railroad route with a bit more success, there was very little 

official U.S. involvement. The majority of the early Anglo-Americans in the Colorado 

basin were fur trappers and a few prospectors. Most of the exploration of the Colorado 

was done far southwest of Colorado, especially at the lower end of the river along the 

California ï Arizona borderland. There was also the famous John Wesley Powell and his 

Colorado River expedition in 1869 that went from Green River Utah through the Grand 

Canyon. Again, this was downstream from Colorado. Only after precious minerals were 

found on the western slope of the Colorado territory did the landscape get the study it 

seemed to deserve. That said, there was an official Spanish foray into the Colorado basin 

in 1776, although not to explore the river per se. Two Spanish priests, Silvestre Escalante 

and Francisco Dominguez, and eight companions left Santa Fe in the early summer of 

that year in an attempt to find an overland route to the California missions. They traveled 

north through far western Colorado and the Uncompahgre Plateau crossing the Gunnison 

River and the Colorado upstream from today's Grand Junction. They never made it to 

California, turning back near what was to become Provo, Utah. 
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 Now, of course, our four rivers have been studied and restudied; engineered and 

re-engineered; and fought over again and again. Water is one of the most important 

substances in the world, and most of the people of Colorado realize that our rivers and the 

water they carry are our lifeblood. This book is an attempt to put the story of these rivers 

into some kind of perspective and to provide a basis for a better understanding of our 

riverine heritage and future. 

 

 Generally, most people in Colorado are hard-pressed to name the four major river 

systems of the state. Almost everyone can name the Colorado, but even people living 

along the eastern mountain front often cannot name the Arkansas or the South Platte. 

Beyond not knowing what our four major rivers are, there have been several studies 

about how people in the state feel about water issues in general (BBC, 2016 and Pritchett, 

et al., 2009 are two of the most scientifically based surveys). Many respondents to these 

surveys do not know that most of the water used in the state ï well over 80% -- goes to 

agricultural irrigation for farming and ranching. Industrial, residential (both indoors and 

outdoors), and commercial make up most of the remainder. Many of the respondents 

responding to either survey know that we have limited water resources in the state and 

that drought is an ever-present problem. A little more than half of the residents feel that 

we have enough water for our current needs, but that number goes down precipitously if 

asked if we have enough water resources for 40 years in the future. Some of the solutions 

proposed to help solve this future problem include more reservoirs, conservation 

(although most only want voluntary and not mandatory conservation efforts), education, 

and limiting state population growth. 
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 Water is one of the most important substances in our lives. It is acutely critical in 

many parts of the West, including Colorado. Simply put, we need it to live. Whether we 

believe that is sacred or not, it will have a major impact on the way we live, work, and 

play in Colorado from now into our lasting future. The multiple stories of our rivers and 

our water are complex, legalistic at times, and ever-changing. This book is an effort to 

uncomplicate some of the complexity, and to provide the basic knowledge that all 

Coloradans should have about the precious resource of water and the state's waterways 

that provide it. 
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Water 

 Water. One of the most important and quirky molecules on Earth. Made up of two 

hydrogen ions and one oxygen ion, water seems pretty mundane compared to some of the 

other molecules in nature that are extremely complex such as the humus molecule in soil. 

Humus is so complicated that no chemist or soil scientist has ever been able to 

completely describe the components and structure of it. But water with just three ions is 

simple, right? One little kink of its molecular structure makes the seemingly simple 

chemical makeup of water into natureôs oddball. It all arises from the angle (just under 

105o) at which the two hydrogen ions attach to the oxygen ion and the fact the hydrogen 

ions are positively charged and the oxygen ion is negatively charged (Figure 1). The 

angle of the ions transforms the water molecule into a miniscule magnet with two 

oppositely charged poles that attract or repel depending upon how the molecule is 

positioned in relation to other water molecules. 

 

Figure 1 -- The water molecule with 1 negatively charged oxygen ion and 2 positively charged 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 oddity causes all kinds of strange phenomena to occur in water: it 

produces the surface tension we see with striding insects on top of calm water; it 

produces the capillary action that helps water climb to the tops of 300-foot-tall redwood 

trees; and, it increases water volume by 9% as it goes from liquid water to frozen water; it 

keeps expanding as its crystalline matrix rearranges itself as temperatures get even lower. 

Water also has one of the highest specific heat values of any substance in nature causing 

it to heat very slowly (ña watched pot never boilsò) but also to give off its heat very 

slowly as well. And water is known as the universal solvent (although it is not strictly 

universal as it does not dissolve everything); more substances on earth can be dissolved 

by water than any other material. This fact has a huge influence on our water quality as 

the water that runs over and through the soil dissolves salts and other minerals. One result 

of this process is the dramatic increase in the salinity of our four rivers in the last few 

decades ï especially the Colorado and the Arkansas. Increased salinity, for example, has 

a significant detrimental effect on crop production. 

 As stated in the Introduction , water is absolutely essential to life as we know it. 

All life on earth depends on water and its chemical and physical character, and it is 

perfectly formed chemically to function at the temperatures and pressures that we have in 

our world. Anyone who lives in Colorado for long has experienced that early spring day 

immediately following a snowstorm -- you can observe the sun melting the snow at the 

same time as there is water vapor in the air. You are witnessing a natural, scientific 

ómiracleô where a single substance can exist, even for a short time, in its three different 

phases at exactly the same time ï we have snow (solid water) lying on the ground, liquid 
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water flowing down the gutters, and gaseous water as vapor in the air all occurring at the 

same moment together.  

 One last fact about water needs to be understood. No one is making any more of 

it. The water we have now is the water we are going to have, basically, forever. Except 

for miniscule amounts of ónewô water that are being exhaled into the atmosphere by 

volcanic activity, we have all of the water that we will have into the future. The only way 

we keep getting new snowfalls in our mountains each year, or rains to water our crops, is 

because of the hydrologic or water cycle. Basically, water evaporates from the oceans or 

other water sources or is transpired by plants. This water vapor is moved by global 

atmospheric patterns over the oceans and continents, condenses into liquid and/or solid 

water in the form of clouds, and precipitates onto the earth. Some of this water flows into 

our streams that eventually flow to the oceans, some goes into groundwater to be used 

later; and, some re-evaporates immediately to start the cycle once again.  

 

 It is obvious to anyone living or visiting Colorado that usually more snow falls in 

our mountains than at the lower elevations of the state. We just take that fact for granted 

ï often without thinking about why that occurs. Without getting into the intricate details 

of things like vapor pressures or wet and dry adiabatic lapse rates, dew points or specific 

humidity, the main fact is that warmer air has the ability to hold more water vapor 

without it condensing to liquid or solid water than colder air. If you cool air and it reaches 

a temperature where it can no longer hold all of the water vapor in it, the vapor becomes 

liquid or solid water. A second fact is that as air rises, it becomes less dense ï in other 

words there are fewer molecules in a given volume than at lower elevations. Heat is 
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nothing more than the friction of molecules hitting each other as they move around. If 

there are fewer molecules, as at higher elevations, there is less friction and therefore less 

heat ï in other words it is colder. As an air mass moves up the slopes of our mountains it 

is cooled and can hold less water vapor. The vapor must condense into liquid or solid 

water that, under the right conditions, will become rain or snow. The result of this 

moving air up the mountains (called orographic lifting) is that the mountains are where 

most of the water is and the place where our rivers have the things they need to start 

flowing ï water and elevation. 

 

 There are many more physical and chemical characteristics of water beyond those 

just highlighted, but the most important for this book is the fact that our four rivers are 

made up of this crazy material. Water is the thing that flows in our rivers and streams, 

and the work water does in them and for them is the story of this chapter. 

 Water in combination with gravity is the substance most responsible for creating 

the landscapes we live in. When rain falls or snow melts, most significantly in our high 

mountains, that liquid water can do several things. The water may evaporate straightaway 

and begin the water cycle anew. It can soak into the soil to be used immediately by plants 

for growth and transpiration. It can be stored and slowly moved through the soil to be 

either used by plants at some later time, evaporated back into the atmosphere, or flow 

through the soil to enter water courses at a later time. It is estimated that up to half of the 

water in our streams and rivers comes from this groundwater. Finally, the liquid 

precipitation or melted snow can also run off as surface flow that enters our small rills 
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and gullies, streams, or rivers directly. The water that flows in our rivers does the work of 

shaping the land over many, many millennia to create the 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 material, and eventually it drops 

or deposits it in a new place. The details of this scenario are a bit more complex. The start 

of this entire process is the physical and chemical weathering of rock into particles small 

enough to be eroded and transported by water. The weathering is what makes the rock 

and soil available for moving water to pick it up or erode it. Moving water has energy ï 

in particular, it has kinetic energy. Water also has mass or weight and with the help of 

gravity and sloping land, it too has velocity. The word erode comes from the Greek word 

for ñgnaw out,ò and as water runs over the land, it erodes the 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 simplify it is by using diagrams to smooth out much of the variability and chaos 

in the system. The diagram below is a simplified (but not yet simple) Hjulstrom diagram 

showing what happens with moving water and the material it erodes, transports, and 

deposits (Figure 2). The diagram puts into visible context the basic physical equation for 

how much energy moving water has: one half of the mass (or weight in the vernacular) 

multiplied times the velocity squared. The more energy, the more ability to erode and 

transport material. 
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Figure 2 ï This is a simplified example of the Hjulstrom diagram used to show the erosion, transport, and 

deposition of various sediment sizes compared to water velocities. 

 

 The horizontal axis of the diagram is the size of the particle being affected by the 

moving water. This is a logarithmic scale, so the sediment size increases rapidly going to 

the right. The vertical axis is the speed of the moving water, also at a logarithmic scale. It 

takes more energy to erode small particles (like clays for instance) because these particles 

hold tightly to each other because of their crystalline composition. Basically the faster the 

water moves, the bigger the particles that can be eroded. And the faster the water moves, 

the bigger the particles that can be transported. Then as the water slows down (as when it 

hits a flatter area in its channel) the material starts to be deposited ï the 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 deposited. To put this in the most 

vernacular terms -- in essence fast water can erode a lot and move a lot; slow water does 
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not erode much and cannot carry much. The combination of water speed and sediment 

size determines when erosion, sediment transport, and deposition will take place. And in 

turn this combination determines what our river channels and floodplains will look like, 

how they will change over time, and what impacts they will have on the adjacent 

ecosystems and human occupation. 

 Flowing streams and rivers move material in three distinct ways. First, because 

water is such a good solvent, many minerals actually get dissolved in the moving water. 

The water in the stream is no longer pure water, but a solution of water and solutes. 

These dissolved substances may come out of solution downstream after the water starts to 

evaporate and redeposit the minerals. The second way water transports material is 

through the process of suspension. Here water actually carries solid material, usually the 

smaller particles, in the main flow of the stream. The third way water transports material 

is through the process of moving the bedload ï the larger sediment along the bed of the 

stream that is too large to go into suspension. The moving water produces friction that 

can drag and bounce the material along the bottom. 

 

 There is an almost infinite variety of patterns for river and stream channels. The 

details of water and sediment interactions seen in the Hjulstrom diagram interact with the 

larger scale, landscape properties including total amount of sediment available, the 

discharge or amount of water flowing in the stream or river, the slope angles of the land, 

and the basic geology of the area over and through which the river runs. All of these 

factors combine creating innumerable intricate, complex, and functional channel patterns. 



28 

 

With the immensely diverse set of landforms in Colorado from our high mountains to our 

plains to our plateaus, we get an entire suite of varied river patterns. 

 The very headwaters of our rivers probably demonstrate the simplest of stream 

channels. All of our four rivers start in the high elevations of the Rockies. Usually they 

begin in a relatively small depression below a mountain peak where runoff from rain and 

snowmelt coalesce into a small, flowing watercourse that soon picks up more water and 

starts its decent down steep rock steps. The water cascades over boulders and rushes 

down precipitous slopes (Figure 3). Gravity is in charge and the water is forced to follow 

a course determined by the local landscape ï which is one of large boulders seemingly 

randomly strewn down the mountain side. Every so often the adolescent river may hit a 

flat area where the water spreads out to form a wetland of willows, alders, bog birch, and 

sedges. Beaver, either former or current residents, help create many of these meadows 

with their system of dams and pools (Figure 4). Soon the stream hits another steep section 

and continues its boulder-determined trip down the mountain. 

 

Figure 3 ï This is an example of a high energy, cascading steam in the high mountains of Colorado. This is 

Homestake Creek just below Homestake Dam. 
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Figure 4 ï Italian Creek, a tributary of the Taylor River, has innumerable beaver dams and ponds ï typical 

of mountain streams in the high valleys of Colorado. 

 

 By the time our rivers leave the high mountains and either start their flow over the 

flattened plains or begin cutting their way through the western plateaus, they have gained 

considerable amounts of water and sediment from countless tributaries. They are real 

rivers at this point, or at least what we call rivers in Colorado. The form of the channels 

starts to change dramatically at this point. The slope gradients are much shallower; the 

boulder strewn landscape of the mountains gives way to flat lying sediments and nearly 

horizontal geologic strata. As the waters exit the mountains, it is as if they are finally 

unbound by their hard rock constrictions. The river spreads out and flows at a seemingly 

slower pace. When the water flow encounters some small impediment, the flow may be 

slightly diverted in one direction or another; the water moves generally in the new 

direction until it no longer has the energy to erode its bank and it is turned back to start its 

flow in the other direction. This process continues and the river channel form takes on a 

sinuous, meandering route that wanders from one side of the riverôs floodplain to the 

other. These meanders will continue until there is some drastic change in the landscape 
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over which the river runs. Sometimes it continues until it reaches the riverôs end. Of 

course there are an infinite number of small variations caused by the chaos of the land, 

but this general form of these meandering river patterns is seen throughout the world 

(Figures 5 and 6). 

 

Figure 5 ï A schematic of a time-series for the development of meandering rivers and oxbow lake cutoffs. 

 

 

Figure 6 ï A quintessential example of a meandering stream ï this river reach is part of the Middle South 

Platte River in South Park. 
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 Fly fishers everywhere recognize and depend on this configuration of meanders. 

Where the water is forced to turn, it creates a cut bank. The water is deeper on this side of 

the channel and there is often an overhang that fish love to occupy during certain parts of 

the day. Just across the channel from the cut bank is the point bank ï this is a shallow, 

often gravel strewn area. The river reaches between cut banks are often waters that are 

not as deep as at the cut banks and not as shallow as the point banks ï these are called the 

riffles. The anglers know these different parts of the river because the fish they are after 

know and use these dissimilar depths and speeds of the river at various times for various 

reasons. 

 Over long time spans these meanders can become more and more sinuous until, at 

some point, the river erodes through the narrowed neck and creates a cutoff ï often the 

cut off part of the river remains for some time as an oxbow lake. Eventually the lake may 

dry up and become just a part of the floodplain itself. Old cutoff oxbow lakes can often 

be identified from above more easily than on the ground. 

 A third basic kind of channel is found downstream of areas that provide large 

amounts of sediment of various sizes from large gravel to sand, silt, and clay. During 

high flows that most often occur during spring snow melt in the mountain headwaters, the 

stream's/river's ability to carry sediment is greatly increased. The large amounts of fast 

flowing water carrying this debris load eventually exits the mountains and encounters the 

vastly lower river gradients in the plains. The water slows and starts to deposit the big 

load of material, clogging the channel of the river with more sediment than it can move. 

As the river struggles to continue downstream through all of this material, it starts to flow 
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in small, intertwining channels that resemble badly braided hair (Figure 7). In fact this 

kind of channel pattern is called a braided stream. From above it appears to be a chaotic 

collection of separate stream channels that merge then split then merge again ï this 

pattern can continue until the river has enough energy to move the sediment provided. In 

todayôs environment of controlling river flows by using dams and reservoirs to manage 

the timing of release for downstream use, there are fewer rivers with the major pulses of 

large sediment movement and deposition. But, 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. 

 

Figure 7 ï A schematic of the branching, interlaced channels of a sediment clogged braided stream. 

 

 

 When John C. Frémont explored along the South Platte River in the summer of 

1842, he found a river choked in gravel with innumerable shifting, ephemeral islands and 

multiple, crisscrossing small channels. If he had been here in early May, he would have 

found a river in full flood stage from the melting mountain snowpack carrying huge 

amounts of sediment downstream. But those big flows would have only lasted for a few 

weeks. The lower flows of summer would not have been able move the debris 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 created innumerable small, temporary islands in the channel that 

the moving water had to navigate around and through. The landscape would have to wait 

until the yearly snow melt flood the next year to get the sediment moving again. Frémont 

also found a river valley basically devoid of trees ï any saplings that got started in the 

valley during the summer months were flooded and dislodged during the next yearôs 

spring floods. The current channel pattern of the South Platte from Platteville to the 

Nebraska state line is the now a tree stabilized braided pattern not seen in Fr®montôs day. 

Water loving cottonwood trees and other vegetation nowadays create a heavily wooded 

riparian zone important for animal habitat all along the river. An example of the relic 

braided stream can easily be seen in the satellite image of a small part of the South Platte 

(Figure 8). The trees lining the water course are in stark contrast to the semi-arid 

grasslands through which the South Platte runs. The temporary debris islands are now 

semi-permanent as there is seldom enough water in the river to rework them into new 

landforms as was an annual event before the middle of the twentieth century. 

 

Figure 8 ï The South Platte River east of Greeley is a quintessential example of a relic braided river. 

(courtesy of http://earthexplorer.usgs.gov/) 

 

http://earthexplorer.usgs.gov/
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 The headwaters of the Arkansas River from Tennessee Pass to Cañon City have 

several channel patterns that ebb and flow. But mostly this upper reach of the river runs 

fast over and around rocky stretches which create significant rapids. It has a relatively 

steep gradient that keeps the water moving at high speed, at least for a river. This is what 

makes the Arkansas so great for rafting. Like all of our rivers, when the Arkansas exits 

the steep stretches of the mountains and enters the flat lying plains, it slows down. The 

Arkansas carries sediment as any river does, but historically its load was less than the 

sediment we see in the South Platte because the Arkansas has lower flows and somewhat 

more resistant landscapes upstream than the Platte. There is some braiding of the 

Arkansas as it flows east, but it is more of a typical meandering river complete with cut 

banks, point banks, riffles between meanders, and old oxbow cutoffs. The scene in Figure 

9 comes from a section of a satellite image between Boone and Fowler along the river 

east of Pueblo. There are no oxbow lakes containing water any longer, but their landform 

remnants can easily be seen at several points in the floodplain along this reach of water. 

 

 

Figure 9 ï A fine example of mature meanders along the Arkansas River between Boone and Fowler. 

(courtesy of http://earthexplorer.usgs.gov/) 

 

http://earthexplorer.usgs.gov/
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 The Rio Grande probably has the least dramatic departure from the mountains of 

any of our rivers. The very upper stretches of the river are steep 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 Valley. There are meanders and wetlands in these 

reaches, but the truly intricate and well-developed meandering system of the Rio Grande 

comes below Del Norte. This stretch of the river could be used in geomorphology 

textbooks as the example of the quintessential meander river. Figure 10 is a small reach 

of the river between Del Norte and Monte Vista 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 important to wildlife habitat. 

 

Figure 10 ï The much more highly developed meanders with oxbow cutoffs along the Rio Grande between 

Del Norte and Monte Vista. (courtesy of http://earthexplorer.usgs.gov/) 

 

 The main stem of the Colorado River exhibits a whole variety of channel forms. 

Its very top reaches are the same relatively straight, cascading waters we see in the other 

rivers. But the Colorado enters the relatively flat Middle Park immediately after it leaves 

the reservoir system for the Colorado-Big Thompson project (Grand Lake, Shadow 

http://earthexplorer.usgs.gov/
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Mountain Reservoir, and Granby Reservoir). Because of the volcanic landscapes of 

Middle Park, this valley is not as flat as the other parks in the state, so there is a variation 

of channel forms including meanders and some areas of minor braiding. Just downstream 

from Kremmling and its merging with the Blue River, the Colorado enters Gore Canyon. 

From this point to the area west of Glenwood Springs, the river runs through multiple 

canyons and steep stretches. But in some respects the most interesting part 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 130,000 square 

miles of Colorado, Utah, New Mexico, and Arizona. It is generally a geologically 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 the rock as the 

plateaus and mesas are uplifted ï much as if you moved a layer cake up into a sharp knife 

that was being held steady. The first such downcutting into the Plateau takes place in this 

last reach of the Colorado before it exits the state (Figure 11). 

 

Figure 11 ï These are entrenched meanders typical of river channels throughout the Colorado Plateau. 

This is the Colorado River just east of the Utah state line. (courtesy of http://earthexplorer.usgs.gov/) 

 

http://earthexplorer.usgs.gov/
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 As the river moves southwest from Fruita it enters a series of canyons including 

Ruby and Horsethief Canyons. These are the first examples of what the Colorado will be 

doing for hundreds of miles until it finally exits the Grand Canyon near Callville, Nevada 

where John Wesley Powellôs 1869 expedition down the Colorado River ended. From 

Rattlesnake Canyon to the border, the river channel pattern is a string of entrenched 

meanders. These were originally meanders just like the current ones of the Arkansas and 

Rio Grande. But with the rapid uplift of the land, the river eroded downward quickly (in 

geologic time scales) and cut the meanders deeply into the plateau. Almost all the rivers 

throughout the Colorado Plateau have created these entrenched canyons that define the 

Southwest. The landscapes of Canyonlands and the Grand Canyon are known worldwide 

for their deeply entrenched meanders. Horsethief Canyon is just the first taste of these 

spectacular landforms created by the Colorado in our Southwest. 

 

 The rivers of Colorado run with the water that inherently has the remarkable 

qualities that 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 especially mindful of the 

marvel of what our rivers do and what they should mean to us. At 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 we have in Colorado 

possible.  

There is little water in the state that is not used, owned, fought over, or enjoyed. 

And most of that water is concentrated in the streams and rivers that all flow from here to 

states and countries downstream. As Heraclitus of Ephesus once said circa 500 BC, ñNo 
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man ever steps in the same river twice, for it's not the same river and he's not the same 

man.ò Our river waters continually flow and are renewed each moment as the snows melt 

and the rains fall in the high mountains and on the parched plains and plateaus. The good 

news is that the ever-present and inexorable hydraulic cycle with its evaporation, 

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

flowing. 
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Watersheds 

 When precipitation falls, whether as rain or as snow, much of it will 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 more. And the rest will 

trickle and flow downhill either immediately from the rain or eventually after the snow 

melts. Usually, the beginning of this flow comes as sheetwash ï a term used by 

geomorphologists that implies the water runs more or less as a continuous sheet or 

surface runoff. Because of the ubiquitous variations in the land surface and the type and 

extent of vegetative groundcover, the sheets will  soon start to coalesce into small rivulets 

running downslope. These rivulets, in turn, often merge and become somewhat larger 

water channels. This sequence continues until these small watercourses come together 

into what we would consider a permanent stream. This stream is the culmination of all 

the downhill flowing water that feeds it. The land area that has captured and focused all 

of this water into the stream is considered its basin or watershed. 

 This small stream's watershed is but one of a collection of streams and their 

watersheds that will eventually collect in an ever-bigger stream. This next streamôs 

watershed, much like the Russian Matryoshka nesting dolls, is made up of all the smaller 

basins that have contributed to its water volume. Eventually, this cascade of smaller to 

larger streams becomes one of our rivers. Fluvial geomorphologists have actually created 

a system for numbering the level or order of each of the streams as we go from the 

smallest (first order stream basin) to ever larger basins or watersheds. For example, in 

one such numbering system, the Mississippi River watershed would be a tenth order 

basin. The Platte and Arkansas Rivers that begin in Colorado are actually eighth and 
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ninth level watersheds respectively that eventually feed the Mississippi. This tessellation 

of small watersheds would look like a complex mosaic if all of the first level watersheds 

were outlined on a watershed map. Second order watersheds are made up of two or more 

first order streams and their watersheds; third order ones are made from multiple second 

order watersheds and so on until the flows end at the farthest downstream point ï sea 

level (Figure 1). 

 

Figure 1 ï This diagram shows the hierarchy of watersheds and their ordered streams. Be aware not all 

watersheds are outlined.  

 

 Watersheds are the natural systems that collect and transport water downstream. 

But they are much more than mere hydrologic conveyer belts. In many ways they are the 

unifying system for the natural world. With the possible exception of atmospheric 

processes, watersheds are natureôs most important organizing entities for many of the 

processes and materials in a functioning environment. Water is moved through a 

watershed, of course, but so are the products of the weathering and erosion of rock and 

soil. Less of this sediment will be moving in a well-vegetated watershed, increased 

sediment in more barren landscapes. The ecosystems and habitats of watersheds are not 

uniform, but the basin does provide an organization to the distribution of naturally 
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occurring vegetation patterns. For example land adjacent to watercourses often support 

riparian (along the watercourse) ecosystems because there is more moisture available for 

plant growth and propagation there than in other places within the watershed. Away from 

the stream ecosystems that can tolerate drier environments will develop. There are, of 

course, wide variants to this scenario, and if a watershed is large with highly variable 

elevations (as in Colorado), plant communities will range from those at lower heights in a 

continuum up to the highest points in the basin. Watershed characteristics will also 

dramatically affect the water quality at the exit point from the basin to the next larger 

stream or at sea level. The human habitation intensity, human land uses, ownership 

patterns, and population numbers within the basin along with the erosional characteristics 

of the land surfaces of the watershed will all contribute positively or negatively to water 

quality and quantity. 

 The patterns of human occupation of the land are often at odds with the land 

itself. We tend to think we can ñengineerò solutions to problems like steep slopes, 

drainage issues, bad soils, or uncooperative geology. Land ownership and organization 

often dictate how land is settled and used. The Land Ordinance of 1785 established the 

U.S. Public Land Survey System (referred to as the Range and Township system). With a 

few fits and starts, the final model of this system was based on ñtownshipsò that were six 

miles by six miles. They were organized across much of the Midwest and West by 

regional principal meridians. Most of these lands are prescribed by this survey system to 

this day. Colorado is part of three separate principal meridians ï principal meridians are 

the organizing basis for large state-sized portions of land. Most of Colorado is organized 

under the 6th Principal Meridian established in 1855 in Nebraska. Portions of the 
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southwestern part of the state are under the New Mexico Principal Meridian also 

established in 1855, and a small part of far western Colorado uses the Ute Principal 

Meridian established in 1880 (Figure 2). This rectangular land organization works 

reasonably well in the relatively flat and wet East. But as you move west and up into 

mountainous terrain, the system is very restrictive and often less than useful. 

 

Figure 2 ï This is a map of the U.S. Public Land Survey systems for Colorado. 

 

 John Wesley Powell realized that the United States Public Land Survey system 

was not optimal for providing what settlers in the West needed ï mostly access to water 

for irrigation. He suggested in his seminal work, Report on the Lands of the Arid Region 

of the United States ï with a more detailed account of Utah (1879), that the entire arid, 

semi-arid, and mountainous West should be organized more organically, primarily by 

watersheds not by the straight, topographically blind sets of meridians and parallels that 

comprise the U.S. Public Land Survey as it exists now and existed in the 1870s. His ideas 

are discussed at considerable length in the chapter, Too Little ï Too Much, but the 

essence is that in order for the optimal use of the land for irrigated agriculture, a system 

organized by the occupants of the watershed is the only logical method for allocating land 
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and scarce water and for assembling the communal resources necessary to build the 

needed irrigation infrastructure.  

 

 Each of Colorado's rivers has its own watershed made up of innumerable smaller 

watersheds that tesselate into the mosaic of landscapes that we encounter on the ground. 

Each of these landscapes is composed of many natural and human factors including 

complex geologic relationships, soil types, ecosystem patterns, the hydrologies of 

drought and plenty, individual and small-scale landuses, and the large overarching 

management of large land tracts by the federal government. While Powell's proposal 

would have directly affected how agriculture was conducted in the West, watersheds are 

much more complex, natural, systematic, and coherent than just a way to manipulate 

water for human use. When we layer one of the factors that make up a watershed upon 

the myriad other layers of these factors, a watershed becomes the logical, if complex, 

structural scheme for the land. 

GEOPHYSICAL SETTING 

 The foundation for every watershed is the bedrock geology beneath the surface. 

As described in the Introduction , ours is a complex of harder and softer rock arranged 

and incessantly rearranged by global tectonic forces, massive uplifts and cyclic erosional 

and depositional periods over the last several hundred million years (see Figure 3 in the 

In troduction ). This core of our state varies considerably within each of our four 

watersheds as well as having significant differences between the watersheds. As stated in 

the Introduction , the simplest, although not simple, watershedôs geology is the Rio 

Grande basin. Virtually the entire western half of the geological foundation are volcanic 
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rocks of the Cenozoic Era that began to form some 34 million years ago. In the San Luis 

Valley, massive alluvial (river) and glacial deposits thousands of feet thick fi ll the 

geologically sunken valley. These deposits are unconsolidated and have a tremendous 

ability to hold large reservoirs of underground water in multiple aquifers.  

 These layers or strata of very loose sands and gravels contain vast amounts of 

water. There are also strata that are made up of small, clay sized particles that underlie 

and overlie the aquifers and essentially isolate the various aquifer layers. Some of the 

aquifers are virtually at the surface of the valley and others at various depths going down 

thousands of feet. Some of the aquifers are connected vertically while others are 

effectively isolated. These physical characteristics created by the sediments carried from 

the mountains also helped create the need for the complex of water laws (see the Law 

Chapter) that at times aid land-owners and ecosystems and at other times hinder the easy 

use of water by both humans and the natural world. 

 As with all of our rivers, the Arkansas starts in the high mountains of central 

Colorado in an area of very old, Precambrian intrusive igneous rock. It quickly descends 

into the trough of the Arkansas River that runs between the Sawatch Range to the west 

and the Mosquito and Ten Mile Ranges to the east. This valley is the down-dropped 

graben formed by tectonic movements of the Rio Grande rift north of Poncha Pass. The 

valley bottom consists of unconsolidated glacial and fluvial-glacial debris with the 

mountain sides having the intrusive rock of the Sawatch and the intrusive and Tertiary 

sedimentary rock of the Mosquitos and Ten Miles.  

 After the river flows through the dramatic Royal Gorge carved in more intrusive 

rock with some ancient metamorphic inclusions, it bursts into the plains of eastern 
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Colorado. It flows eastward toward the Kansas border in a very subdued landscape of flat 

to gently rolling sedimentary rock of the Mesozoic age and a large quantity of 

unconsolidated alluvium deposited over the last several thousand years. Today's Arkansas 

River and its deposits have minimal impact on the vast area of southeastern Colorado. 

Most of the sediment is confined to the river itself and its narrow floodplain. The 

sediment train moves slowly, but inexorably downstream, some of it temporarily stored 

in reservoirs like the John Martin, but eventually it will all leave the state and find its way 

to the Gulf of Mexico. 

 By far the largest portion of the Platte River basin in Colorado is drained by the 

South Platte River. Its geology while winding its way through the mountains is not 

dissimilar to that of the Arkansas. But once it exits the mountain front and angles 

northeast after it passes through Denver, it flows over a very different landscape. At the 

end of each of the multiple glaciations that took place in the high mountains of Colorado, 

immense deposits of loose mineral debris were left behind. Much of this material was 

eroded by strong and incessant winds, mostly coming out from the southwest. These 

winds picked up the eroded finer particles of these deposits ï the sand, silt, and clay sized 

particles. The smallest of these mineral grains were the clays. They were so small that 

they stayed in aerial suspension for thousands upon thousands of miles. Much of this 

material actually made it across the Atlantic. The next smaller material was deposited in 

places such as what we now know of as Illinois, Iowa, and Indiana ï what was to become 

maybe the finest farming soil in the world. The larger sand grains did not make it that far. 

Most of this material was set down in vast sheets over northeastern Colorado and in 

places like the Sandhills of Nebraska. These sand deposits are what the South Platte 
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flows amongst as it works its anastomosing way toward the town of Julesburg and the 

Nebraska border on its way to merge with the North Platte River near the appropriately 

named town of North Platte, Nebraska. 

 The Colorado River spends the most time/distance of all our four rivers in the 

mountains carving canyons such as the Gore and the Glenwood. It has the greatest flow 

of all four rivers and does the most geomorphic work in reshaping the land. It eroded its 

own passage through the Grand Hogback and flows under the Roan Cliffs to exit its 

mountain landscapes at Palisade where, over many millennia, it has deposited massive 

alluvial sediments into what we call the Grand Valley. Its sediment and its water have 

helped humans create one of the most fecund farming regions in the state. Orchards of 

peaches, apples, and cherries mix with vineyards and wineries. This abundance given by 

the river lasts a mere 25 miles or so until the river again enters the canyons just south of 

Fruita. At this point the river is in the terrain we call canyonlands that are a product of its 

flows and erosion all the way to the Grand Wash Cliffs just upstream from Lake Mead. 

SOILS 

 William Bryant Logan calls soil "the ecstatic skin of the Earth." He makes an 

elegant case for the importance and beauty of soils, because soil, along with the sun, 

water and the air around us, is what makes it possible for us to live on this planet. And 

like almost anything else in the natural world, soils are extremely complex and varied. In 

biology we deal with the complexity of all organisms by using a taxonomic system that 

goes from the least numerous called domains down an ever-branching tree until we get to 

genera (genus) and species. With soils we have a six-level taxonomic system starting 

with the 12 orders branching down to some 10,000+ soil series. The entire United States 
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is covered by the 12 orders ï all of the ecological and climatic diversity of the country 

contains only these 12 major classes. Colorado, with its huge variation in elevation, 

geology, and precipitation patterns contains examples of eight of these 12 classes. Our 

soils are created in extremely diverse landscapes from the often-scorched shortgrass 

prairie to the frequently snow-bound foothills; from the tundra-like alpine to the near 

deserts of our western plateaus and mesas. 

 Soils develop slowly in conjunction with their past and present environments. The 

geology or mineral parent material, the climate ï especially the amount and distribution 

of water and temperature, the types and proliferation of vegetation, and the topography 

on which they develop are all critical to the complicated processes making the soil upon 

which we, and most life, depend. All of the factors are themselves complex and varied 

and progress at various rates over long periods of time. Together they produce almost an 

infinite variety of soil around the world, the U.S., and Colorado. Humans put things into 

classes so that we can comprehend and, at least partly, understand the natural world. We 

cannot deal with an infinite variety of anything very well. The 12 orders of soil 

determined for the United States are the culmination of many decades of work by soils 

scientists to try to make sense of that complex, valued substance under our feet (NRCS, 

1999) (Figure 3). 
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Figure 3 ï The map of the soil orders in Colorado. (courtesy of the Natural Resource Conservation 

Service, 1998). 

 

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

forming conditions in those areas are severe, especially in the winter, and vary almost 
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continuously as elevations change dramatically over short distances. These conditions 

produce an intricate and seemingly indecipherable mosaic of different soil types as can be 

seen in Figure 3 along both sides of the continental divide ï that topographic line lying 

between the Colorado Basin and the three other basins. But because we understand many 

of the processes at play, we can actually see and explain why the soils develop as they 

have. The most common soil order in that high elevation region is the inceptisols. These 

are soils that are just barely beginning to develop as soil even though they have been at it 

for 10,000 years or more. They are just starting to exhibit the common "horizon" 

structure that soil scientists use to describe soil. These soils are so "new" because the 

environment that they are in does not allow for much chemical weathering to take place 

with too cold a winter and too short a summer. There is a soil order that is even less 

developed than the inceptisols ï the entisols. These soils have no horizon development 

and are the least weathered of any soil order we have. These soils are in their infancy of 

development and may never reach any kind of maturity at these high elevations. 

 At altitudes just below the treeless alpine tundra where upright trees start to be the 

dominant vegetation and down into the montane zone, we get a soil order that is found 

throughout many forested areas of the country. These are the alfisol soils that are the 

second most common soil order in the entire U.S. They are not particularly fertile, but the 

large amount of organic matter contributed by the forest helps to keep them fertile 

enough for forest growth around the country. 

 The most surprising soil order that exists at high elevations in our mountains are 

the mollisols. Mollisols are most often connected with the fertile tall-grass prairie soils in 

the corn fields of places like Illinois, Iowa, eastern Nebraska and Kansas. These prairie 
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soils developed under the lavish vegetation of the grasslands. Root systems of these 

grasses go down many feet and when decomposed add huge amounts of fertile organic 

matter to the soil ï year after year, century after century. There is a small but important 

area in the high mountains that is analogous to the deep grass roots in the plains. Where 

small lakes form, especially in post-glacial landscapes, lavish stands of willows and 

alpine forbs grow in proliferation. The mollisol soils developed under these vegetation 

stands are organic rich, deep black soils. 

 Once we reach the lower elevations of our watersheds, the soils mostly change in 

response to lower precipitation rates. Figure 3 shows large expanses of a soil order called 

aridisols. These are mostly in the Rio Grande watershed in the San Luis Valley, in the 

northern half of the Arkansas basin in eastern Colorado, and in the far northwestern 

corner of the state in the Colorado River watershed. The name "aridisol" tells most of the 

tale on the development of these soils. They are created in very dry, arid conditions 

where there is not enough precipitation for much chemical weathering to take place. An 

aridisol paradox of sorts is that if you add water, say through irrigation, the soils can be 

quite good for many crops. The issue, of course, is getting enough water to these soils in 

this dry environment (see the chapters on Diversions and Law). 

 South of the Arkansas River flowing to the east in the plains, we get a very large 

expanse of entisols. These are the same order as the entisols in the high mountains, but 

instead of development being stymied by the long, cold winters, it is slowed here because 

of the lack of moisture ï much like the aridisols. There are large stretches of entisols in 

along the South Platte in northeastern Colorado where the soil is developing on those 
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sand dune formations laid down by the post-glaciation winds coming out of the 

mountains. 

 The South Platte watershed in the eastern plains also has a large area of mollisols 

ï those beautiful, dark, organic rich soils found in the Midwest. The mollisols here could 

probably be called mollisol-light. They are technically mollisols, but they lack the intense 

fertility of their siblings to the east. Nonetheless, they can be very fecund when water is 

added through various irrigation schemes. In mid-summer you would be hard pressed to 

see the difference between the corn fields of Morgan County and those in central Iowa. 

 The lower elevations of the Colorado River basin show more complex mix of 

soils than do the other three watersheds. This intricacy of soils types arises from the 

complexity of the land. The three most common soil orders in the basin are inceptisols 

(relatively undeveloped soil), alfisols (forest soils), and mollisols (moderately fertile 

grassland soil). At this point it is well to remember that we have only been talking about 

the 12 soil orders ï there are, in reality, hundreds if not thousands of different soil series 

in the state. The soil order map (Figure 3) is complex already. It would be unreadable at 

this scale if we were to attempt to map the very real variation in 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 processes that produce it, is difficult to understand. But 

everyone can relate to the vegetation cover on the landscapes that surround us. Most 

people recognize the basic types of vegetation we see -- whether just trees or shrubs or 

flowers or vegetables. But, as in the case of soils, there is an overwhelming complexity to 
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the plant world that keeps most of us from really knowing and understanding what plants 

do and how they interact in the natural world. And, as also in the case of soils, we have 

created a human designed plant classification system. The Swede Carl Linnaeus 

established the basics of our plant (and animal) taxonomy in the mid-eighteenth century. 

We all learned in high school about the way we divide plants into genus and species. This 

of course is an artificial human concept, but it is useful for helping us make sense of the 

hundreds of thousands of different plants in the world. But even a few hundred thousand 

plants are mind boggling for most of us. Ecologists and biogeographers have lumped 

plants and their environments in something called ecosystems. An ecosystem is a 

particular collection of plants that associate with each other in a given environment with 

certain soils, climates, and topography. 

 An example of this in Colorado would be the ponderosa pine ecosystem of our 

foothills and lower elevation mountains. There are, of course, ponderosa pines in this 

ecosystem but also kinnikinnik, mountain mahogany, common juniper, shrubby 

cinquefoil, dwarf mistletoe and a myriad of other plants that find this patch of ground and 

the surrounding plants amenable. This ecosystem is also defined by the coarse soils, the 

warm summers, and a narrow range of precipitation amounts. An ecosystem can be as 

small as a few square meters or as large as hundreds or even thousands of acres. A map 

of the entire state of Colorado reveals many ecosystems combine into a larger 

classification called ecoregions (Figure 4). 
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Figure 4 ï The map of the Colorado Ecoregions (courtesy of the U.S. Geological Survey, 2006). 

 

 As is usual for the upper elevations in all four of our basins, the high mountains 

are the most complex region, clearly evident in Figure 4. All of the greens on the map are 
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mountain ecoregions that include the alpine zone above treeline, the crystalline (referring 

to rock type) subalpine forest, the crystalline mid-elevation forests, and others. The South 

Platte watershed and the far eastern Arkansas watershed are in the high plains. Examples 

of the ecoregions there include rolling sand plains, moderate relief plains, and Front 

Range fans. The western two thirds of the Arkansas basin is covered by what is called the 

southwestern tablelands with ecoregions such as piedmont plains and tablelands, pinyon-

juniper woodlands and savannas, foothill grasslands, and sand sheets. The Rio Grande 

basin in the San Luis Valley has its own unique ecoregions for Colorado, strangely called 

the Arizona/New Mexico plateau. The four ecoregions included here are the San Luis 

shrublands and hills, the San Luis alluvial flats and wetlands, salt flats, and sand dunes 

and sand sheets (of course referring to the Great Sand Dunes National Park and 

Preserve). The areas of the Colorado basin outside of the mountains are made up of the 

Colorado Plateau. Some of the ecoregions here include shale deserts and sedimentary 

basins, semiarid benchlands and canyonlands, and arid canyonlands. Even with this 

lumping of ecosystems into a larger scale system, it is still complex and somewhat 

overwhelming. 

 Another simpler way to view our vegetation largesse is to look at the total amount 

of vegetation in a place. Ecologists and biogeographers often call this the total biomass of 

an area, usually in grams of biomass per square meter of land. As you might expect doing 

this kind of measurement could be beyond onerous ï measuring every single square 

meter and its vegetation amount in the entire state! The simple or easy, and realistically 

probably the only, way to do this is by using the technology of earth sensing satellites. A 

short tutorial on how energy from the sun interacts with the earth is in order. 
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 The energy coming from our sun and every other object in the universe can be 

described using the term "electro-magnetic spectrum (EMS)." Everything from cosmic, 

gamma, and x-rays to visible light, thermal energy, all the way to radio waves are 

generated and emitted from our sun. We on earth depend on this energy for nearly 100% 

of our needs. But not all EMS energy acts the same way. To make it simple let us just 

look at the visible part of the energy coming from the sun and how that band of energy 

interacts with vegetation. The chlorophyll that green plants contain is what makes life on 

earth possible. It produces carbohydrates using water and visible energy, to be more 

specific, the blue and the red ends of the visible EMS. In other words most of the sun's 

energy that is used to build plant material comes from the blue and red bands being 

absorbed by chlorophyll, the green part of the light reflects off of the chlorophyll and 

bounces into our eyes; therefore, we see green. Just beyond the red part of the EMS is 

another band of energy called the near-infra red. This part of the sun's energy is almost 

totally reflected by the same chlorophyll that absorbs the red and blue.  

 When we compare how much red a sensor can see with the amount of near-infra 

red, we can tell pretty precisely how much chlorophyll, or plant matter, we have. There 

are many, many ways that scientists manipulate the red versus infra-red to give us 

biomass amounts. One of the earliest and simplest is a method called the "normalized 

difference vegetation index (NDVI)." This algorithm uses a very simple ratio method to 

compare the two and gives us a good estimate of how much biomass is in an area at any 

given moment. The scale of the NDVI is from +1 (very high chlorophyll concentrations) 

to 0 (no vegetation) to -1 (rock and other mineral soil only). We can take any satellite 

image that has the two bands of red and infra-red and do an NDVI. To illustrate the 
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power of this technique, compare a time of severe drought in Colorado (a summer day in 

2002) and a period of moderately high precipitation in the state (a summer day in 2014). 

Figure 5 (a and b) shows very dramatic differences between the two days. Almost the 

entire eastern plains in 2002, both the Arkansas and South Platte watersheds, have very 

low chlorophyll (i.e. biomass) concentrations. The far western edge of the state also has 

low vegetation. You can see that even in the normally wetter mountains, chlorophyll 

levels have been reduced significantly. In contrast the 2014 map shows a very healthy 

vegetation cover in most of the state. The South Platte basin has some low levels of 

chlorophyll, but that is a normal condition for that region. The San Luis Valley also 

shows some chlorophyll deficits which is also normal. The far western side of the state is 

low but not nearly as low as in 2002. 
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Figure 5 ï The NDVI for summer 2002 (a) and 2014 (b) determined by the red and near-infra red bands of 

the AVHRR NOAA satellite (courtesy of NASA GIMMS). 

 

 Figures 4 and 5 illustrate the complex nature of vegetation in our naturally 

complicated state. 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 based on climatic and meteorological deviations, particularly precipitation 

amounts over weeks, 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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most important components of this. To understand our rivers, we must understand the 

natural systems of geology, 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 uses of the land in each watershed is a significant factor in how those watersheds and 

their rivers react. Much of our land is privately owned. This is particularly true of the 

eastern plains ï the areas drained mostly by the South Platte and Arkansas Rivers. There 

are always some restrictions put on private ownership ï you cannot rent out your land 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 farming and ranching, and this 

land also is restricted legally, socially, and naturally (see the chapters on Diversions, 

Compacts, and Law). But the largest single landowner in the state is the federal 

government, and what happens on these lands in our watersheds has a huge impact on the 

health and prosperity of the land itself and the people and other organisms that depend on 

it.  

 In Colorado the federal lands make up 35.9% of the state's 66,485,760 acres. 

Figure 6 shows that most of this land is in the western half of the state. Of all the federal 

land, the most is managed by the U.S. Forest Service (60.67%) in eleven separate 

National Forests and Grasslands (Table 1). The Bureau of Land Management (BLM) 

manages most of the remaining federal land (34.92%). The remainder of the federal land 

is owned by the National Park Service (2.77%), the Department of Defense (.91%), and 

the U.S. Fish and Wildlife Service (.73%). The Forest Service and the BLM seemingly 

serve different purposes, but when you look at their mission statements, they are almost 
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identical. The Forest Service mission "is to sustain the health, diversity, and productivity 

of the Nation's forests and grasslands to meet the needs of present and future 

generations;" the BLM statement merely substitutes the words "America's public lands" 

for "Nation's forests and grasslands." 

 

Figure 6 ï The National Atlas version of the Colorado Federal lands (courtesy of the U.S. Department of 

the Interior and the U.S. Geological Survey). 
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Table 1   U.S. Forest Service Units in Colorado 
_______________________________________________________ 

Arapaho National Forest   Grand Mesa National Forest 

Gunnison National Forest   Pike National Forest 

Rio Grande National Forest   Roosevelt National Forest 

Routt National Forest    San Isabel National Forest 

San Juan National Forest   Uncompahgre National Forest 

White River National Forest   Comanche National Grassland 

Pawnee Buttes National Grassland 

________________________________________________________________________ 

 

 But the reality on the ground between these two agencies is obvious. While they 

both have multiple-use mandates, the BLM is much more aggressive in promoting and 

permitting mineral extraction along with oil and gas development for example. As shown 

on Figure 6 most of the BLM property is along the far western border in the canyonlands 

and mesas where vast stretches of sagebrush cover the land and large oil and gas reserves 

underlie it. There are some scattered and patchwork segments of BLM land throughout 

the mountains and geologic parks also. The overwhelming mountain landowner and 

manager is the Forest Service. Most of our cherished ski resorts are carved out of leased 

National Forest land; huge tracts of Forest Service land are leased to ranchers for summer 

grazing; and, the various National Forests straddle the highest mountains along the 

continental divide where all four of our rivers begin. 

 For the Platte and Arkansas Rivers, their initial run through National Forests is 

short and the impacts on them by that land is minimized. The Rio Grande's upper half is 

in Forest Service land, and these acres surely affect the quality and quantity of the water 
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in the river. The largest influence on river water by National Forests is certainly that on 

the Colorado River and its many tributaries. The Colorado has the most water, the most 

demands on that water, and the largest impacts outside of the state. The National Forests 

of our state are the birth places of the rivers that come of age as they traverse public land. 

It matters a great deal how and where these upper reaches of our water courses flow. 
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Origins 

 In about 1,600 B.C. the Chinese Emperor Yu made the prescient comment, "To 

protect your rivers, protect your mountains" (Wilshire, Nielson, and Hazlett, 2008). He 

knew then what we should keep in mind now, especially in a state with the elevated 

terrains of Colorado, that the mountains mean most everything to the rivers they spawn. 

In at least three ways mountains immeasurably affect our rivers: first, in arid and semi-

arid environments especially, almost all precipitation occurs from the uplift of air masses 

being pushed up the slopes of our mountains and the subsequent lowering of 

temperatures of the atmosphere toward the dew point. This has the effect of forcing the 

water vapor in the air masses to condense and, through a complex physical process, cause 

precipitation. Second, gravity is our friend as it moves the water from high places where 

few of us live to lower elevations where we humans usually reside. We often take this 

wet beneficence and manipulate this largesse for a myriad of uses. Finally, the water 

moving incessantly downslope weathers and erodes those same mountains that give us 

the water to start. If too much erosion takes place, sedimentation from that act muddies 

the water, fills reservoirs, and damages the distribution systems we need to move the 

water to where we need it most (see the Water chapter). 

 This last point should be emphasized even though it may seem rather trivial. In 

reality more than one civilization has been destroyed because of excessive sedimentation 

of their irrigation systems. One example is from ancient Mesopotamia (today's Iraq). It is 

generally agreed that agriculture began there about 7,000 years ago. It was able to thrive 

in the arid climate because of the available water in both the Tigris and Euphrates Rivers. 

But 2,500 years later the people living in the region decided they needed more arable land 
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watered by irrigation. An elaborate and massive canal system was developed that helped 

irrigate almost 35,000 square miles (the entire size of the state of Maine) of cropland. The 

canals were protected by a series of levees, and they were periodically cleaned of 

sediment by the communal efforts of the populace. But an insidious activity was 

developing in the high mountains of the Taurus, the headwaters of both rivers in today's 

Turkey. Sheep and goat grazing were the main subsistence economy of the mountain 

people who lived there. Vegetation has many positive characteristics including the fact 

that it almost always helps to protect sloping lands from erosion. Both goats and sheep 

can easily devastate grazing grounds because they eat so close to the soil surface and 

allow massive erosion to scar the steep, mountainous terrain. John Muir, the iconic Sierra 

Nevada conservationist, once said that sheep should be called 'hooved locusts' because of 

their propensity to denude landscapes. The sediment carried down to Mesopotamia 

during this era slowly filled the canals and eventually the system could not be 

maintained. In fact the Persian Gulf's shoreline was moved an amazing 180 miles down 

stream because of the sediment that choked it. 

 Today we can see the same thing happening at an even faster rate to reservoirs on 

the Colorado and other rivers in the Southwest. As an example the depth of sediment 

deposits at the upper end of Lake Powell created by the Glen Canyon Dam are now at 

least 150 feet deep. Almost ten percent of Lake Mead created by Hoover Dam is now 

filled with sediment with more added every day. Smaller reservoirs and lakes in Colorado 

and the West are also losing considerable capacity through sedimentation. Many water 

managers see reservoirs as the defense against the droughts that are becoming more 

frequent as a result of climate change ï save the water when we get it and use that saved 
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water in times of scarcity. But the sedimentation problem is one major hurdle to using the 

current reservoirs to maximum efficiency and to building new ones to increase capacity. 

 

 Exploration of Earth, especially in the nineteenth century, consisted in large part 

of looking for the origins of the world's great rivers. Although most of these river sources 

were already known by the indigenous groups living in the area, history often goes to 

those who write it down. John Hanning Speke and his "discovering" the source of the 

Nile (the Blue Nile at Lake Tana and the White Nile at Lake No) is one such venture. 

Henry Schoolcraft discovered the source of the Mississippi River in the 1830s. Zebulon 

Pike was sent west in 1806 ostensibly to find the sources of the Arkansas and Red Rivers 

ï he never found either and was captured by Mexican soldiers as his expedition was in 

what would become Colorado but was Mexican territory at the time. We seem to still be 

discovering/looking for river origins. The source of the Amazon River for more than a 

century had been thought to be the Apurímac River on Nevado Mismi, but in 2012 it was 

discovered that a completely different tributary (the Mantaro River in Peru) was really 

the source. The origins of the world's rivers have always intrigued us. But what does it 

really mean to be the "source" or the origin of a river? 

 If one really thinks about it, there is never just a single source (a lake of some 

kind in most cases) for a river. The lake may be the most obvious place the river comes 

from, where the river starts to flow. But there are innumerable small contributors to that 

lake or there would not be a lake at all. Rain and/or snowmelt on the slopes above the 

'source lake' flow into the collection depression in which the lake sits. These small 

rivulets of water from every slope surface are the real sources of any river or stream. 
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Because we humans like order and decisiveness, we say with utter certainty that this river 

or that stream start at this particular spot, but there are always smaller and smaller trickles 

of water that flow into the purported source. With these thoughts in mind, what are the 

origins or sources of our four Colorado rivers? 

 

 The major hydrologic fence that we have in Colorado that separates the 

watersheds of our various rivers is the continental divide. The water west of that sinuous 

line flows toward the Pacific Ocean (really the Gulf of California officially but also 

called the Sea of Cortez by many). The water on the east side of the divide flows toward 

the Atlantic Ocean basin ï in the case of our eastern rivers, the Rio Grande, the Arkansas, 

and the Platte, to the Gulf of Mexico. There are two other divides. The one between the 

Rio Grande and the Arkansas and the one separating the Arkansas from the Platte. These 

two do not get the privilege of being called 'continental divides' but are important 

nonetheless. 

 The Colorado River is by far the largest of our four rivers. With its tributaries it 

drains the entire western slope of the state. One would think that the source or origin of 

such a magnificent river would itself be magnificent ï one would be mistaken. The 

officially designated source of the Colorado lies in the far northwestern corner of Rocky 

Mountain National Park. It is La Poudre Pass Lake. The main issue with La Poudre Pass 

Lake is that it is no longer a lake ï today it is merely a nice bucolic wet meadow just on 

the western side of the almost imperceptible continental divide (Figure 1). The lake had 

always been shallow, and over the centuries water loving vegetation has been slowly 

encroaching into the lake and filling the lake bed with vegetative detritus and sediments. 
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This process of 'bogging' in is natural and normal in many lakes. Figure 1 was 

photographed on a mid-September afternoon so the grasses are dried and brown. In late 

spring this meadow would be a lush, vibrantly green expanse. 

 

Figure 1 ï La Poudre Pass "Lake" wet meadow with just a small trickle of water starting the Colorado 

River. 

 

 The actual continental divide is less than 1000 feet east from what would be the 

upper end of the lake if there were a lake. It is a very gently sloping landscape where the 

gradient is nearly imperceptible. In fact it is almost surreal that you can stand next to the 

erstwhile La Poudre Lake western shoreline and look to the north a few hundred feet and 

see the Grand Ditch (see the Diversions Chapter) flowing from west to east in the 
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opposite direction across the divide. The Grand Ditch gathers its water from along the 

upper slopes of the Colorado River valley on the west side of the divide and takes that 

water to the eastern slope to be used for irrigation. It is one of the oldest diversions of 

western slope water for eastern slope use in the state. 

 The headwaters landscape of the Colorado is full of unexpected sites. Less than a 

mile below where the Colorado leaves La Poudre Pass Lake, it enters a very deep and 

strikingly colored canyon the river has carved over many millennia. Between La Poudre 

Pass Lake and this canyon, there are several small but vigorously flowing tributary 

streams, such as Lady and Specimen Creeks, that add substantial water to the Colorado, 

especially during the wet snow melt season of late spring and early summer. This canyon 

has been cut into a volcanic landscape that was created 28 and 24 million years ago -- a 

time of vigorous volcanic activity in many areas of Colorado (Hopkins and Hopkins, 

2000). The canyon is colorful, deep, and impressive. It looks somewhat like a similar 

canyon in Yellowstone National Park that was made famous by the Hayden Survey of the 

Yellowstone area in 1871. A member of that survey, Thomas Moran, painted a very large 

canvas of the Yellowstone canyon that now is exhibited at the Smithsonian American Art 

Museum. The Colorado version is not as majestic or well-known nor does it have a large 

waterfall, but it is a rugged and beautiful canyon nonetheless (Figure 2). 
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Figure 2 ï Looking southwest down Little Yellowstone Canyon in Rocky Mountain National Park. 

 

 

 The upper Arkansas River has two significant branches that form the main stem 

of the river. The first of these starts just below Tennessee Pass about eight miles north of 

Leadville. The pass itself is famous for the small ski area that sits at its apex ï Ski 

Cooper. Ski Cooper will always be associated with the Tenth Mountain Division of the 

U.S. Army during World War II. 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 starts on the south slope of the pass is named after the pass ï 

Tennessee Creek. Although it is named a creek, it is considered the 'west' fork of the 

Arkansas headwaters. 
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 The Tennessee Creek origin is nearly imperceptible. The creek slowly coalesces 

from several small rivulets adjacent to the Ewing Ditch that is described in the 

Diversions Chapter. Like the start of the Colorado River, this is an almost bucolic setting 

that is not in any way spectacular. But it manages to gather a significant amount of water 

as it flows south at a leisurely rate into a large open area known as Tennessee Park 

(Figure 3). This parkland is easily visible west of U.S. Highway 24 between Leadville 

and the pass. It has a very large willow carr along its western edge. A willow carr is an 

area of wetland that is dominated by the water loving willow and other wetland shrubs 

(there are several different species of willow in the state). Wetland carrs are of great 

importance to the ecological health of our mountain parks. Not only do they help to 

moderate flooding, but they are also one of the most prolific and fecund ecosystem types 

we have. Not only are there large masses of organic mass produced by the rich 

vegetation, but they also provide some of the best wildlife habitat we have in the entire 

state. 

 The valley bottom that underlies the extensive wetlands consists of loose and 

unconsolidated sediment. Much of this sediment is derived from the alpine glaciers that 

covered a large part of the mountainous terrain in the surrounding uplands. Very 

substantial valley glaciers from the Pleistocene epoch filled what we see today as the 

stream valleys dissecting the mountain landscape. These glaciers eroded, transported, and 

deposited huge amounts of detritus that ended up in the larger valleys such as Tennessee 

Park. Finer sediments of silt and clay have been laid down by more recent stream 

deposition on top of the glacial debris. This relatively fine-grained soil is excellent for the 

verdant growth of the wetland flora. 
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Figure 3 ï Looking South from just below Tennessee Pass. Tennessee Park is in the distance. 

 

 The other headwaters branch of the Arkansas 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 Fork of the Arkansas. It begins its flow to the Gulf of Mexico in a much more 

typical alpine environment. Just two miles south of Fremont Pass on Colorado State 

Highway 91 sits the 13,795 foot Mount Arkansas. The headwaters start on the very 

southeastern flanks of Mount Arkansas at just under 12,600 feet (Figure 4). The bedrock 

in this area consists of Precambrian granites and massive metamorphic gneisses and 

schists. These rocks are very old (> 1 billion years) and very resistant to erosion. The 

river flows in a semi-circle around the southeastern and eastern margins of the mountain 
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and emerges to parallel Highway 91 near Storke Portal, part of the Climax Mine holdings 

on the southern side of Fremont Pass. The start of the East Fork is definitely an alpine 

environment, but it is far from isolated. A rugged two-track path that intrepid four-

wheelers can take travels from near Storke Portal around the base of the mountain with 

the river in the valley below. Hiking along this dual track is a great introduction to the 

ecosystems of the alpine lifezone.  

 

 

Figure 4 ï A small pond that is part 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 Mount Arkansas. 

 

 The two branches of the Arkansas merge just west of Leadville Junction which is 

about two miles west of downtown Leadville. The river is relatively small at this point, 

but it is definitely a river ï at least by Colorado standards. From here it begins its long 
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1,460-mile travels to its confluence with the Mississippi in far southeastern Arkansas and 

then on to the Gulf of Mexico. 

 There is another watercourse that some consider part of the Arkansas River 

Headwaters. It is called the South Arkansas River and flows down from near Monarch 

Pass to its confluence with the Arkansas near Salida. This stream is nearly 60 miles south 

of the confluence of Tennessee Creek and the East Fork of the Arkansas. Because of this 

distance, it has not been included as part of the origin of the river. 

 

 The South Platte River has three officially acknowledged origins ï with the 

unpoetic names of the North Fork, Middle Fork, and South Fork of the South Platte 

River. The South Fork of the South Platte River continues our string of unspectacular and 

willow clogged origins (Figure 5). It sits just below and to the east of Weston Pass 

(11,921 feet) that connects Highway 285 coming south out of Fairplay to Highway 24 

just to the south of Leadville. The Weston Pass road is a mild four-wheel drive road with 

a few steep and rocky sections but no precipitous drop-offs to the side. It 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 relatively young intrusives 

and some very old granitic and metamorphic intrusive rock types. 
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Figure 5 ï View looking west to the top of Weston Pass. The South Fork of the South Platte River is flowing 

gently through the willows to the upper left of the photo. 

 

 The river at this point is nothing more than a vibrant small stream that flows 

rather lazily through willow carrs and pasture lands in its lower reaches. It eventually 

deviates from Weston Pass road and meanders southeasterly across South Park until it 

reaches the Middle Fork just upstream of two water storage reservoirs and state parks ï 

Spinney Mountain (City of Aurora) and Eleven Mile (Denver Water Board). After Eleven 

Mile, it turns sharply north and northwest through Lake George and on to its confluence 

with the North Fork of the river. 

 The Middle Fork of the South Platte River starts in a much more spectacular 

setting. It begins in a small tarn just southwest of Mt. Lincoln near Hoosier Pass. Almost 

immediately it flows into the somewhat larger Wheeler Lake and continues down an 

impressive glacially scoured U-shaped valley before it drains into Montgomery Reservoir 

ï a water system reservoir for the City of Colorado Springs (Figure 6). Mt. Lincoln 
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(14,286 feet) is part of the northern section of the Mosquito Range that also includes Mt. 

Bross (14,172 feet), Mt. Democrat (14,148 feet), and Mt. Cameron (14,238 feet). The 

bedrock here consists of Precambrian granites and very old (Paleozoic) sedimentary rock. 

This collection of high peaks sits just south of the continental divide. The divide between 

the South Platte drainage and the Arkansas River drainage runs directly over Mt. 

Democrat. The exact sources of the Middle Fork of the South Platte River and the West 

Fork of the Arkansas River are a mere four miles apart. 

 

Figure 6 ï View from across the valley where Colorado Highway 9 ascends 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 south paralleling Highway 9 through Alma 

until it gets to Fairplay. Much of this stretch of the river has been placer mined for gold 

from the late nineteenth century up until the 1960s. This was industrial placer mining 

where large dredges overturned massive amounts of glacially transported gravel looking 



75 

 

for minute amounts of the yellow metal. As you drive along the road you can see 

evidence of large gravel mounds, some of which are now being used as gravel quarries 

(see Figure 3 in the Eco-matters chapter). As mentioned above the Middle Fork has its 

confluence with the South Fork just east of the small hamlet of Hartsel. This confluence 

is upstream of Spinney Reservoir, and on maps it is simply called the South Platte River 

from this point on although it has not yet connected with the North Fork.  

 South and Middle Forks of the South Platte are rivers people associate with South 

Park. They both flow into the large, structural basin that sits surrounded by the high 

mountains of the Mosquito, Tenmile, Front, and the Tarryall ranges. It is a high, 

relatively flat region where these two branches of the South Platte wonder and meander. 

Both branches are beloved by fly fishers because of the easy access and fecund riverine 

environment that supports healthy fish populations, particularly rainbow, brook, and 

brown trout. 

 The North Fork of the South Platte is separated from the South Platte by the 

Tarryall Mountains and the Lost Creek Wilderness area ï it never enters South Park. The 

North Fork starts high in an area where the Mosquito, Gore, and Front ranges come 

together although it is "officially" in the Front Range. Its origin is in a small cirque basin 

under Handcart Peak (12,518 feet). The bedrock is very old (å 1.7 billion years) 

metamorphic gneisses. These rocks are riddled with fractures that allowed superheated 

fluids from thousands of feet below the surface to invade and deposit highly concentrated 

minerals. Of course this means the area has historically been a mining region with 

innumerable mining claims in the higher elevations of the North Fork valley (Figure 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 mining operation has blocked the small gravel road leading to the very 

upper reaches of the watershed (Figure 8). 

 

Figure 7 ï This is the upper valley where the North Fork of the South Platte originates. Note the many 

mining claims and remains on the upper slopes. 

 

 

Figure 8 ï 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 significant part of the Colorado economy, at least in certain areas. But 

mining does cause some very damaging environmental 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 complex process, but the crux of AMD is that after mines are 

closed, the water level in mines often goes up and interacts with newly exposed minerals 

in the remaining rocks of the abandoned mine. One important mineral involved is iron 

pyrite (an iron sulfide mineral) that is often found in conjunction with the minerals that 

have been mined ï gold is one of these. Chemical and organic processes breakdown the 

iron pyrite and iron oxides are formed. The iron oxides often go into solution in the 

waters inside the mines. When these iron oxide solutions flow out of the mine and come 

in contact with fresh water, they precipitate out and form a reddish to yellowish, acidic 

compound carried in the water ï in this case in the upper North Fork. It is easy to see the 

coloration in the waters of the river as a very deep, almost blood, red. Beneficial water 

microbes and many fish species are negatively affected by this acid drainage. Luckily, as 

more fresh water from small tributaries is added to the river as it flows east, the acid 

solution becomes more and more diluted. The upper parts of the river are affected a great 

deal, but by the time the North Fork reaches the South Platte, the acid concentrations are 

at a significantly lower level.  

 The North Fork flows east out of the high mountains past the small town of Grant. 

It continues in that direction until it merges with the South Platte near a very small hamlet 

called, appropriately, South Platte. This confluence is just west of Waterton Canyon and a 

few miles upstream from Chatfield Reservoir. The reservoir was built in the late 1960s by 
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the U.S. Army Corps of Engineers as a result of the devastating 1965 flood. The reservoir 

is now also part of the Denver Water Board water supply for the city, and it is a state 

park. 

 

 Unlike all the other four rivers, the North Platte does 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 coming from an old 

glacial cirque; instead it begins at the less than spectacular merging of Grizzly and Little 

Grizzly Creeks at an elevation of about 8050 feet. It begins and flows north through a 

flat, wide open valley that is choked with willow carrs and intensively meandering 

streams. In spite of the fact that it is in the farthest northern reaches of the state, it is a 

fecund and verdant land that includes habitat for many species. In fact it is so well 

endowed with excellent habitat that the then Colorado Division of Wildlife (now known 

as Colorado Parks and Wildlife) reintroduced 24 moose to North Park in 1978 (see the 

Too Many ï Too Few chapter). This reintroduction has been wildly successful, and with 

other introductions around the state, have established a healthy and vibrant moose 

population in the mountain valleys throughout Colorado. 

 

 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 closest community on the eastern side of the Continental Divide to the 

headwaters. As 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 divide. To get to the source, one must go 

past Rio Grande Reservoir; the road becomes a very narrow and rocky passage for many 

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 (13,478 feet) 

where the river begins its flow to the Gulf of Mexico. The river flows from a small valley 

on the northern flanks of the mountain. It curves around the base of Canby to the south 

and southeast for about two miles until it turns and heads almost due east. 

 The bedrock of Canby Mountain is decidedly volcanic. Almost all the rock in this 

area was emplaced during several million years of intense volcanic activity during the 

Tertiary age. The volcanic activity here is marked most dramatically by several large 

calderas -- remnants of violently explosive and massive eruptions of volcanic material. 

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 the most famous mining 

towns in Colorado. There are few places in this landscape that have not been 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 ever widening valley bottoms (Figure 9). Even above Rio Grande 

Reservoir, it is a relatively 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 just a few miles from the Continental Divide. 

 

 Our mountains are absolutely critical to Colorado for our water. Without them we 

would be a much different and drier place. Our mountains are also important beyond our 

borders. In fact 17 downstream states get some of their water from the largesse of our 

mountains. Without the particular geography of our Colorado landscapes, much of the 

west and southwest of our country would be very different places. The climate and 

hydrology of Colorado's mountains, plains, plateaus, and rivers matter to millions of 

people. They are not only important for the physical reality of our need for water, but 

economically, socially, and politically our mountains and their rivers are crucial. 

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

importance. But where these rivers start might be more personally fascinating. The small 
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beginnings of a river's flow are much more intimate and accessible than most river 

mouths ï these may be huge and almost undefinable (such as the complex and shifting 

mouth of the Mississippi River in the Gulf of Mexico). In the case of Colorado's rivers, 

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

landscapes are approachable with a little effort.  
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Law 

 According to the Oxford English Dictionary, law is "the body of rules, whether 

proceeding from formal enactment or from custom, which a particular state or 

community recognizes as binding on its members or subjects." This definition of law 

provides for very broad application of the concept. It can be a set of written rules agreed 

upon, or mandated from some authority, or some combination of both that a community 

uses to keep order, make things run, and help to satisfy societies needs however they are 

determined. When it comes to water law in the formational years of the territory/state of 

Colorado, there was little that was binding or accepted as custom. It was often stated in 

Colorado and the West that "whiskey is for drinking, and water is for fighting." That quip 

is usually attributed to Mark Twain, although there is no evidence he ever uttered those 

words. Only when users of large amounts of water affected other users or potential users 

did the idea of establishing laws to govern water evolve. It was mostly because of large 

amounts of water being diverted for use in mining and because Colorado was just 

becoming a state with a newly written constitution, that Colorado water law began to be 

codified. 

 On the other hand, according to the definition of "law" above, we have actually 

had water law in Colorado (or what would become the state of Colorado) for well over 

1,000 years. The southwestern mesas and plateaus of Colorado have been the home of 

many groups of people for a considerable time. It is a place of remarkable archaeological 

treasures often collectively associated with the Anasazi. 'Anasazi' is actually a Navajo 

word ï many people say it means 'the ancient ones' but most agree it means 'enemy 

ancestors' ï a mildly pejorative term that is offensive to a large number of Native 
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American groups. A more acceptable term is ' ancestral Puebloans' which acknowledges 

the links between them and the Pueblo cultures existent today in the Southwest.  

 Five hundred years before the Magna Carta, a thousand years before the 

Continental Congress approved the Declaration of Independence, and eleven hundred 

years before Colorado had a constitution or Custer had his last stand, the ancestral 

Puebloans had the equivalent of water laws and customs that allowed them to develop a 

hydrologic system that lasted for well over 300 years. Archaeologists, historians, and 

water engineers have uncovered an elaborate system of canals, conduits, berms, and 

reservoirs that fed an irrigated farming culture large enough to supply thousands of 

people with food in an otherwise arid landscape. Accomplishing this feat required 

considerable organization, and cooperation -- the equivalent of laws as defined above. 

The well-known and respected water engineer Kenneth Wright wrote about this system in 

his Water for the Anasazi -- "é people had to be available é to excavate, dredge, 

operate and maintain the reservoirs, and a community social organization was necessary 

for the selection and direction of a work force, year after year and generation after 

generation, to keep the reservoirs operable." 

 These ancient hydrologic engineers clearly used communal effort to keep the 

system running. For example the reservoirs that collected and stored water for future use 

would, over time, start to fill with sediment that was brought down by erosion from the 

higher elevations that supplied the water. Either the reservoirs would need to be dredged 

or expanded above the sediment layer. Dredging with small baskets or ceramic tools 

would have been a nearly impossible task, so the community helped to raise the 

reservoirs time and again so they had renewed capacity to hold water. The 'law' used to 
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get this cooperation was less a punitive mechanism and more a call for communal action 

to help all in their struggle to survive and thrive in this dry, and often, inhospitable 

region. The climate of southwestern Colorado throughout the entire ancestral Puebloan 

era was mostly dry with intermittent wet periods. There is a considerable amount of 

speculation as to why the ancestral Puebloans disappeared from the region around 1300 

AD. Some say it was climate change, but the climate had been variable all the way 

through their time in southwestern Colorado. Some say it was an especially severe time 

of violent attacks by some invader or internal strife, and others talk about a cultural pull 

toward other Puebloan groups to the south and east. There is no consensus ï but it is very 

likely a combination of all three of these factors that finally and permanently pushed 

and/or pulled the ancestral Puebloans away from their mesa homes. Whatever the cause, 

the ancestral Puebloans were gone from the Mesa Verde region, and their exquisitely 

engineered structures, including their water system, were left for others to find and study. 

 

 Modern water law is a very, very complex topic. But it can be simplified (overly 

simplified?) into two major categories in the United States in which we can class the 

general water law in a given region. The first type is Riparian Rights and addresses 

surface water use. In the more humid eastern part of the country, there is usually much 

more precipitation on a regular basis and, therefore, many more creeks and rivers. The 

odds that someone is living on a stream are pretty high. In Ohio, as a typical example, 

anyone who has water in a stream or lake on or adjacent to their land can take a 

reasonable amount of water from that water source for their needs. The legal catch here 

is, what is a reasonable amount of water ï that is usually the cause of litigation in riparian 
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rights states. But there is the implicit right to that water by anyone without having to pay 

someone for it. Groundwater extractions are more complex, and the laws are usually 

involved and often arcane.  

 The other category of water law is the Prior Appropriation Doctrine, often called 

the Colorado Doctrine or more colloquially, "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 mining (a beneficial use by definition), was the one who had the first 

call on that water. The very basic concept is that upstream or downstream users who 

came later may not get as much as they want or need, and if you came too late, you might 

get none at all. But it was not just about mining. Farmers and ranchers were also realizing 

that there was little water to go around, so the first user of a water source got prior or 

earlier or senior rights than the next one to put the water to beneficial use and on down 

the line.  

 In the Colorado Constitution [Article XVI] approved in 1876, all-natural water 

sources in the state were designated a public resource ï in essence, the people of the state 

owned the water. Users could have rights that allowed them to use the water if it were for 

a beneficial use. These rights were just like any commodity and could be bought or sold. 

They could even be lost if your water rights were not being used over an extended period 

of time ï this is called abandonment. The doctrine became known as the Colorado 

Doctrine because Colorado had the most articulate and robust law concerning water law 

in the West. The definitive Colorado Supreme Court case (Coffin vs. Left Hand Ditch 

Co.) was in 1882. This, along with much previous case law and Article XVI of the 
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Colorado Constitution, confirmed that riparian law was "inapplicable to Colorado" and 

much of the West has used that unambiguous idea ever since. 

 Justice Gregory Hobbs, Jr. has outlined the four basic principles of Colorado 

water law in the Colorado Foundation for Water Education's Citizen's Guide to Colorado 

Water Law (2015). First, all surface and groundwater in the state is a public resource that 

is meant for beneficial use by individuals or by public or private organizations. Second, 

you do not own the water but if you have water rights, you have the right to use it for 

beneficial purposes ï remember, the water belongs to all of us. Third, you can use water 

courses and aquifers to move or store water for later use. Fourth, if you own water rights 

that are not near where you will put them to beneficial use, you have the right to build 

facilities across the private property of others to the place where the water will be used if 

the private land owners consent or if there is just compensation for the disturbance. This 

is a very significant move away from riparian rights where it is explicit that your rights 

are determined by your juxtaposition to the water source.  

 The details of Colorado water law can be very complex, but the basic 

understanding is fairly straightforward. The first person (Joe) to get an adjudicated water 

right from a water source (maybe the Cache la Poudre River near Ft. Collins) and puts 

that water to a beneficial use gets the first priority to that water. The next person (say 

Susan) who gets a right for water from the Cache has the second priority, which is junior 

to Joe's. The next person (Immanuel) gets his right to use some of the water but is junior 

to both Joe and Susan ï and so on until all the water is allocated. But there are wet years 

and dry years in Colorado (see Too Little ï Too Much). When the droughts come, and 

they will, there is often not enough water to go around. If there is just enough for both Joe 



87 

 

and Susan, Immanuel must close his head gate and dry up his fields. If the drought 

continues, and there is only enough for Joe and maybe half of Susan's appropriation, Joe 

gets all of his and Susan gets her half and poor Immanuel starts to look for places to buy 

some water with more senior rights. The oldest adjudicated water rights in the entire state 

belong to the People's Ditch Company in the community of San Luis in the southeastern 

part of the San Luis Valley (Figure 1). That ditch company has an 1852 water right that is 

proudly declared on a brass marker at the south end of town. Obviously, this right's date 

is long before we had the official Prior Appropriation legislation for the state -- in fact it 

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

water for beneficial uses and the right was declared or adjudicated retroactively. 

 

Figure 1 ï The Peopleôs Ditch and commemorative plaque in San Luis. This is the oldest priority water 

right in Colorado. 
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 The state of Colorado has created an intricate, yet rigorous, system for enforcing 

and adjudicating what really happens on the ground. The legislatively created Colorado 

Division of Water Resources has established a system of seven water divisions defined 

by river basin boundaries ï the South Platte River, the Arkansas, the Rio Grande, the 

Gunnison, the Colorado, the Yampa/White River that happens to include the North Platte 

(only because of proximity to the White River even though it is strictly part of the Platte 

River basin), and the San Juan/Dolores River Basins (Figure 2). The Division of Water 

Resources houses the State Engineer who has authority over all water in the state. There 

is also a Division Engineer for each of the Divisions who is responsible for making sure 

the system is working in their Division. Each Division also has a Water Court which is 

responsible for adjudicating the water rights within the Division. The Court does not 

create a "water right" but merely confirms it by decree. The right actually comes when 

unallocated water is put to beneficial use. The Divisions are very large with many, many 

water users, so the state has divided the Divisions into multiple districts with a Water 

Commissioner for each district. These commissioners are the water arbiters for all of the 

adjudicated water rights of their individual district. They are the hands-on 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 lack of water. There are also "ditch 

officials" or "ditch riders" who actually go into the fields and along the ditches to assure 

the waters being used are in accord with the priorities. 
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Figure 2 ï Colorado Division of Water Resources legal Divisions and Districts. (courtesy of Colorado 

Division of Water Resources) 

 

 If there is not enough water, a "call" is issued by the water user to his or her ditch 

rider. In 2002 District 7 Engineer Ken Beegles wrote a scenario for just what a ócallô 

entails. This is an adaptation of his synopsis ï 

  A farmer, maybe Sam from above, is trying to irrigate his grape 

vines on a hot July day. Soon he realizes that there is not enough water in the 

ditch to get his appropriated shares. He contacts his ditch rider who checks 

the ditch and water available and affirms Sam's need. The ditch rider 

contacts the district water commissioner who starts the process of finding 

Sam enough water. There might be some non-decreed users who are taking 

water because there may have been an excess, but they are the first to be told 
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they must shut their water gates. If there is still not enough water for Sam, the 

commissioner looks for the most junior water right holder and informs them 

to close their water gate. This goes on until Sam has all of the water that he 

can use now ï he cannot get more than he can put to beneficial use. For 

example the ditch rider will make sure that Sam does not over water his 

vineyard.  

  The summer gets hotter and drier, and in August an apple grower 

(Alice) on the same ditch with an earlier appropriation than Sam does not 

have all the water she needs from her appropriation. She calls the ditch rider 

and the process starts again ï this time Sam happens to be a junior rights 

owner and may need to close his water gates to give Alice all the water she 

can use beneficially and is within her adjudicated rights. 

 This is the stark reality of what "first in time, first in right" really means to real 

people on the ground. If you have junior waters rights in a basin of a creek with many 

others also using the water during drought conditions, you may lose out in a big way. One 

way around this dilemma is to buy more senior rights. Water rights 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, with the appropriate amount of money, purchase older water 

rights. But as demands increase for more water, these older rights are increasingly 

valuable and will cost more and more in the future. 

 There are people who view Colorado water law as a bit extreme at times ï and 

they might be right. The example of the ability to use rain barrels is a case in point. With 

the minor exception of people who are not connected to a municipal water source, for 
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over a century it has been illegal for someone to put a rain barrel under a waterspout 

coming off of their roof. Rainwater cascading down from the top of your house to your 

property below does not belong to you. Remember, every drop of water in Colorado is a 

public resource and the rights to use that water are already adjudicated to someone who 

owns those rights. In recent years the legislature has taken up this situation, but the 

powerful eastern plains law makers who are in the most agriculturally intense part of the 

state have, until recently, blocked every effort to change the law. These same legislators 

go so far as to state that using a rain barrel on your own land for rainfall on your land is 

"stealing." But finally in August of 2016, the legislature granted home-owners the right to 

collect rain water from the roofs of their home in rain barrels. There are still some 

restrictions to this practice, but a seemingly small and rational part has changed in 

Colorado water law. 

 

 Surface water is what we are most concerned with in discussing our four rivers, 

but groundwater does have big impacts in certain cases. Water law is applied to 

groundwater as it is to surface water but with significant variations in most cases. Ground 

water in the state is regulated by the legislatively created Colorado Ground Water 

Commission appointed by the governor. There are four classes of groundwater 

withdrawal in Colorado determined by what groundwater 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 withdrawals for individual or a small group of 

individual households. The second type is non-exempt wells that have virtually the same 

rules as for surface water use. Non-exempt wells pump more than 15 gallons per minute. 
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The water in these wells is usually considered ñtributary,ò meaning that the aquifer from 

which the water comes is hydrologically connected to a surface water stream so has the 

same legal status as that surface water. The third type is called designated groundwater 

basins. There are seven of these spread throughout the eastern plains of Colorado and are 

controlled by a special group called the Colorado Ground Water Commission. These are 

basins essentially disconnected from the surface waters that leave the state. The last type 

is the non-tributary and Denver Basin wells. These have special permits and amounts that 

may be extracted during a given year. 

 Groundwater is treated differently than surface water because it is much slower in 

reacting to daily, monthly, or even yearly precipitation. It may take centuries to millennia 

to get water into a groundwater aquifer. It must enter at some point on the surface and 

move slowly under hydrostatic pressures and gravity through the sediments of the basin. 

These movements take time. For example the Northern High Plains designated 

groundwater basin is part of the much more massive Ogallala 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 in Compacts chapter). The water in that basin is being drawn 

down at a rapid rate, especially in its southern end. It is estimated that the aquifer will be 

used up within a couple decades and will not have reachable water in it for the 

foreseeable future because it cannot refill in a human scale time frame. 

 The "mining" of groundwater is rapidly becoming a very serious issue. 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 sustainable levels and most of 

these communities have no access to surface water, a major water 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 and ranching on the high plains can take place 

without irrigation. The dilemma, of course, is that water rights from agriculture are being 

bought by municipalities (often outside of the river basin) which reduces the economic 

base for why those rural communities and residences are there in the first place. 

Reductions are already happening in the dry plains ï 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 water a onetime big infusion of cash, but it affects the entire 

community by reducing the economic foundations on which it survives. Because water 

rights are a commodity just like corn or cattle, they can be sold, usually to the highest 

bidder. The City of Colorado Springs established this concept legally in the 1890s when 

the Colorado Supreme Court confirmed that water rights the city bought from farmers 

were a commodity that could be bought and sold and that the uses of the water could 

change in accord with needs (Doyle, 2018). The cities along the Front Range have 

considerably deeper pockets than the farmers or communities where much of the water 

has been historically used. This trend will probably continue into the future with 

potentially dire consequences for these small communities. 

 

 There always has been a water conflict between farmers and ranchers 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 the state. Domestic use was 

7% with recreation and fisheries, industrial, augmentation and/or aquifer 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 states that municipal (domestic) use of 

water takes precedence over any other use and that agricultural 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 climate change looming over the region, we could 

easily see these preferences enforced. 

 One might 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 in the 19th century, 

there was little concern for the environment. The idea that we could ever use up resources 

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, we have already or soon will reach the limits of 

extraction. But we have also developed a new concern and vision for the natural 

environment, and an understanding that a healthy earth is actually good for business. A 

very large part of Colorado's economy comes from tourism, and free flowing streams are 

a big part of that industry. Fishing, rafting, hunting, hiking, and other activities depend on 

functioning and healthy aquatic and riparian ecosystems. The Federal government has 

created a myriad of laws that focus directly on environmental stewardship including, but 

not limited to, the Wilderness Act, the Clean Water Act, the Endangered Species Act, the 

National Environmental Protection Act, and many others. Colorado also has recognized 

the importance of water for the environment. In 1973 the legislature passed Senate Bill 

97 that created the state's Instream Flow Program. This program did not 'allocate' water 

from the stateôs streams and rivers, but allowed, even encouraged, the Colorado Water 

Conservation Board to obtain water rights for flows that would 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 water rights. Since 1973 about 30% of 

the stream miles in the state have gotten some protection under this bill. 

 

 Two crucial issues for everyone in Colorado, in spite of the determination that 

water in Colorado is a public resource, arise because declaring water a public resource for 

Coloradans does not mean that all the water gets to be used by Colorado. The Federal 

Government has Reserved Water Rights established in a 1908 Supreme Court ruling 

(Winters v. United States) that deal with water rights that were implied when Native 

American reservations were established. Basically, the U.S. government retroactively 

gave water rights to the various reservations dependent upon the dates those reservations 

were established. This was an obvious ruling by the U.S. government (how could we 

'give' the land away with no water rights that make the land usable), but it has caused 

considerable argument over the years. In another Supreme Court ruling in 1907 (Kansas 

v. Colorado), the Federal Government also determined that the natural water courses of 

our rivers in Colorado have always gone through the lands of other states and, in the case 

of the Colorado River and the Rio Grande, to Mexico also. That means that these 

downstream political entities should legally get their equitable share of the water in those 

rivers. The definitive statement in that case is ñé that the upper state on such a stream 

[that crosses state lines] does not have such ownership or control of the waters flowing 

therein as entitles her to divert and use them regardless of any injury or prejudice to the 

rights of the lower state in the stream." This means that even though almost all of the 

water in our four rivers falls as rain or snow in Colorado, the water in those rivers 
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partially belongs to states (and countries) downstream ï meaning we have to share. In 

another Supreme Court case (Wyoming v Colorado) in 1922, the Court ruled that the law 

of prior appropriation actually was in place between states not just within states. If there 

were a senior water right in Wyoming (maybe on the North Platte), no one in Colorado 

with a junior right could usurp the Wyoming water user rights. Every one of the states 

that border Colorado and into which our rivers flow, have some form of prior 

appropriation water law. So this court case applies to all of the surrounding states just as 

it does to Wyoming. All f our of our rivers, and several of the smaller rivers and streams 

that leave Colorado, also have compacts, equitable apportionment decrees, and/or treaties 

with the states and/or Mexico downstream (see Compacts chapter). Colorado water law 

only deals with the water that Colorado gets to keep from our precipitation ï our 

equitable share according to the U.S. government. All the other water must be allowed to 

flow downstream to users in other states and/or Mexico. 

 

 Sometimes we literally run out of water in certain places in the state. Often the 

reason is an environmental one: there is not enough precipitation to fill the creeks and 

streams; aquifers are drying up; temperatures are above normal where evaporation and 

transpiration are higher than normal; or, some other occurrence. Sometimes it is because 

we have created too many water rights in a location ï this happens when rights are 

adjudicated during wetter periods, and during normal or dry periods there is just not 

enough water to go around. In either of these cases we say that the water resource has 

been over-appropriated. In strict terms it means that we cannot have new appropriations 

without affecting more senior water rights. Sometimes it happens when we use too much 
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and do not have enough to fill water compacts with other states (see Compacts chapter). 

For nearly the last 50 years the Rio Grande, South Platte, and Arkansas Rivers have been 

close to or at over-appropriation levels. This situation has caused a series of actions to 

help alleviate the critical need for water. In all of these basins, there has been a dramatic 

increase in groundwater use, often drawing down the water levels in the states aquifers at 

alarming rates. There are legal ways to help address the over-appropriation including 

water exchanges and augmentation plans. 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 

through greatly increased water conservation efforts. Many cities and towns have 

introduced strict measures for water conservation, and these actions have been made 

more restrictive during recent severe drought conditions. In the foreseeable future greater 

conservation measures will need to be undertaken, especially by the agricultural industry. 

Agriculture uses the largest portion of the state's water by far. We need to keep this 

industrial sector as an important part of the economy of the state, but really important 

decisions need to be made soon so we can face the reality of less water for more people in 

Colorado.  

 

 Colorado water law is complex in the extreme ï and this chapter has just hit the 

highlights. Topics that are important to Colorado law that have not been covered include 

consumptive use, non-consumptive use, surface and groundwater return flows, water 

exchanges, water banks, storage rights, conditional water rights, and many others. Water 

law in the state is an organic concept -- it grows and changes much faster than a well-

watered Ponderosa pine in the mountains. Dozens of court cases and 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 today is a Herculean task only undertaken by water 

lawyers and the judiciary. But there are two accessible resources available to the non-

lawyer to get a deeper understanding and appreciation for our water law: The Citizen's 

Guide to Colorado Water Law by Hobbs and Synopsis of Colorado Water Law by 

Grantham. 

 Water law as it is practiced in Colorado has a tremendous impact on our four 

rivers. The past has seen innumerable diversions of water from the stream channels of the 

rivers, increased impoundments of their waters in reservoirs, some protection of flowing 

waters in the river beds, and diversions of western 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 deal with what is coming. Even if we preclude the effects of 

climate change, Colorado's population is 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 water, can we keep fracking for oil and gas that permanently 

removes large amounts of water from natural water supplies, is it possible for us to 

develop the oil shale of the western slope; or, can we increase the urban populations 

along the Front Range with their blue grass lawns? These and other questions will take 

some collective wisdom to answer. But we will have to deal with climate change on top 

of these other serious issues. In all likelihood the state will have significantly less water 

overall to use in the next several decades. Planning for these eventualities needs to be 

done. There is some movement in this direction ï for example the just released 

Colorado's Water Plan (2015) asked for by the governor is a good start. It looks at where 
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we are, where we need to go, and enlists cooperation, not conflict, in basin specific plans. 

Water is critical to all life, and the importance of it cannot be overstated. 
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Diversions 

 Diversions, or more precisely, transmountain (or transbasin) diversions is a very 

sterile and technical term for the often messy, contentious, expensive, controversial, and 

highly political process of taking large amounts of water from where it originated and 

moving it to another place that has a real or perceived need for the water. In Colorado 

these massive water transfers have been happening for well over one hundred years, 

mostly taking water from the western side of the mountains to the eastern side. At the 

beginning they were small (the Ewing Ditch and the Grand River Ditch as examples), but 

as the population and economic power of the Front Range increased many-fold, the 

diversion projects and the amount of water they moved grew exponentially. As we have 

seen in other chapters and as we often experience when living in Colorado, there is most 

often not enough water to do all we would like. The part of the state west of the 

continental divide has most of the precipitation and therefore, most of the river flows. In 

fact about 84% of all water in Colorado that falls as rain, or more likely as snow, falls on 

the Western Slope. This is good for those who live west of the divide, unfortunately 

nearly 80% of the stateôs population lives, works, and farms east of the divide. 

 There are seemingly an infinite number of demands on the waters of the Western 

Slope. Downstream states demand and are legally accorded large portions of the streams 

and rivers that leave Colorado by federal law and numerous Supreme Court decisions. 

The Colorado River Compact of 1922, the 1948 Upper Colorado River Basin Compact, 

and the 1944 Mexican Treaty are only the most major of these legal mandates and 

agreements for the water of the Colorado River basin. There are also the water rights that 

cities, farmers, mining companies, ski areas, mandated instream flows, and many others 
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own. As discussed in the Law chapter, 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 over mountain 

ranges to do so. The current population of Colorado is just over 5 million with that 

number expected 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 those additional 

people living along the already thirsty Front Range. As long as more water exists west of 

the Divide and entities east of the Divide have the rights to a portion of that water, 

transmountain diversions that move massive amounts of water for óbeneficial useô will be 

a part of the Colorado landscape. There currently are already 27 transmountain diversions 

in Colorado (Figure 1). 

 

Figure 1 ï Map of Coloradoôs transmountain water diversions. (courtesy of Office of the Colorado State 

Engineer) 
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 The first transmountain diversion in Colorado was the Ewing Ditch that takes 

water from Piney Gulch, a tributary to the Eagle River on the western side of the 

Continental Divide, over Tennessee Pass to the headwaters of Tennessee Creek (Figure 

2). Tennessee Creek is also known as the West Fork of the Arkansas River. The West and 

East Forks of the Arkansas River come together just to the west of Leadville at Leadville 

Junction. This early ditch was also called Ewing Placer Ditch, probably because the water 

moved was originally used for placer mining in the upper Arkansas Basin when the 

diversion was built in 1880. The ditch is still used and transfers an average of just over 

1,000 acre-feet of water per year from the west to the east side of the Divide. 

 

Figure 2 ï The Ewing Ditch ï the oldest transmountain diversion from the western slope over Tennessee 

Pass to the eastern slope.  
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 The second oldest diversion taking water from the Western Slope to the Eastern is 

considerably larger and more controversial than the Ewing Ditch. The Grand River Ditch, 

more commonly known as the Grand Ditch, first built in 1890 and lengthened several 

times until its final completion in 1936 carries more than 17,000 acre-feet of water 

directly from the headwaters of the North Fork of the Colorado River over La Poudre 

Pass to Long Draw Reservoir on the east side of the Divide (Figure 3). Most of its current 

14.3 mile length lies inside Rocky Mountain National Park. The National Park was 

established in 1915, and every extension of the ditch after that date needed Congressional 

approval. A very large part of the runoff of water from the Never Summer Mountains in 

the Park goes into the Grand Ditch. This loss of water for the ecosystems of that part of 

the park has impacted the environment for over a hundred years and the park has fought 

many court battles to try to reduce the amount of water taken from the headwaters of the 

Colorado in this area. There have also been several overflows and breaches of the ditch 

that have caused considerable damage to drainages and creeks in the Park. In 2003 a very 

large breach caused over 45,000 cubic yards of debris to be deposited in Lily Creek, one 

of the highest tributaries to the Colorado River. The owners of the ditch paid a substantial 

settlement to the park for the damage done. 
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Figure 3 ï The Grand River Ditch (also known as the Grand Ditch) at the Continental Divide in the far 

northwestern corner of Rocky Mountain National Park. 

 

 

 Of the total of 27 diversions that take water from the west side of the Continental 

Divide to the east side in Colorado including the Ewing and Grand Ditches, fifteen carry 

less than 2,000 acre-feet of water a year ï seven of these small diversions take water from 

the Dolores/San Juan Rivers (part of the upper Colorado Basin) to the Rio Grande River 

Basin. Seven large diversion projects carry more than 25,000 acre-feet per year from the 

West Slope to the East Slope ï six of these large diversions move water from the 

Colorado basin over/through the Continental Divide to the South Platte or the Arkansas 

River Basins (Coleman, 2014, p. 9) (Table 1). 
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________________________________________________________________________ 

Table 1 ï Major (> 25,000 acre-feet/year) Transbasin Diversions in Colorado 

 

 

Name   Contributing Basin Receiving Basin  åAverage Annual Flow 

(acre-feet)      

 

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 River 25,000 

 

Charles H. Boustead Fryingpan River Arkansas River 50,000 

 

Twin Lakes Tunnel Roaring Fork  Arkansas River 40,000 

 

San Juan-Chama Rio Blanco  Rio Grande  90,000 

 

________________________________________________________________________ 

 

 

 The largest of all diversions within the state is the Alva B. Adams Tunnel and its 

extensive infrastructure collectively known by its more formal name of the Colorado-Big 

Thompson Project with the Windy Gap Project being a smaller part of the overall system. 

This project is arguably also the most complex politically, economically, and physically 

of all the transbasin diversions in Colorado. Initial discussion and surveys began for the 

Colorado-Big Thompson Project (CBT) in 1933 and the final project was not completed 

until 1956.  

 The CBT was born from the realization that John Charles Frémont was right in 

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

cropland if given some water. When Horace Greeley urged young Americans to go west 

to find their future and the Union Colony was created near the future site of Greeley, the 
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vision of Frémont and of irrigation ditches watering productive fields became a reality. 

But soon after the Colony began its irrigation of what eventually would become about 

12,000 acres using water from the Cache la Poudre River, others flocked to join what 

they hoped would be an agricultural bonanza in the potentially verdant South Platte River 

Basin. That hope, if not dashed was at least somewhat dimmed by the lack of additional 

sources of water for the ditches. The complex and audacious idea for bringing some of 

the relatively abundant water from the West Slope to the South Platte River Basin in the 

east emerged. The Grand River Ditch over La Poudre Pass at the Continental Divide was 

a first, small start, but the farmers of the eastern plains had much bigger irrigation 

dreams. 

 Early plans for a much more massive diversion project to move water from the 

west to the east side of the mountains came to little. An 1889 planning effort funded by 

the Colorado legislature to get water from Monarch Lake on the west side to St. Vrain 

Creek on the east ended with minimal effect. The newly formed U.S. Reclamation 

Service in 1904 proposed a twelve-mile tunnel from Grand Lake to the Big Thompson 

River that met the same fate ï it languished in bureaucracy and resistance. In 1915 Rocky 

Mountain National Park was established in a location that one might think was 

deliberately meant to block any project moving water from the Grand Lake area to the 

east. National parks have very strenuous environmental rules, even back in 1915, which 

would preclude many of the schemes for a major diversion through the Park. But the bill 

that authorized the park also included language that specifically would allow the 

Reclamation Service to use whatever resources within the park that would promote the 
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development and maintenance of a federally sponsored government reclamation project. 

This set the stage for the events that took place in the decades that followed. 

 The dry years of the Dust Bowl began in Colorado in the mid-to-late 1920s. As 

the weather got drier and the crops began to wither and fail, U.S. Senator Alva B. Adams 

of Colorado started to push for federally sponsored resources to move water from the 

upper Colorado River to the eastern slope and the South Platte River basin. Once the 

Roosevelt administration took office and began the óNew Dealô, the proposed project 

took on new life and rapidly gained momentum. An informal group of promoters of the 

project centered their efforts around a core of strong supporters in Greeley and 

surrounding places. This group eventually took on a more formal status as the Northern 

Colorado Water Conservancy District. This local group, Colorado state government, and 

the federal government all backed the idea of a massive transbasin diversion. But, as 

might be expected, there was some very stiff opposition from nearly everyone who lived, 

worked, or represented the part of Colorado west of the divide. 

 Colorado Congressman Edward Taylor was the leader of opposition to this, and 

most, transmountain diversions taking water from west to east. He wanted to preserve the 

Western Slopeôs future for their own water development and initially insisted that to do a 

diversion, the western slope would need ñan acre-foot per acre-footò compensation. 

Needless to say, the west side of the divide had much less economic and political power 

so Taylor and his allies settled for a compromise that included the building of the Green 

Mountain Reservoir on the Blue River just upstream from its confluence with the 

Colorado River near Kremmling. This reservoir would supply water to western slope 

users only. With more machinations and convolutions that are too numerous to outline 
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here, the Bureau of Reclamation (renamed from the older U.S. Reclamation Service) and 

the Park Service ironed out differences and in 1937 Congress began funding for the 

rechristened ñColorado-Big Thompson projectò (CBT) (Autobee, 1996). 

 Funding for the project was split between the federal government and the users of 

the water east of the divide, especially the Northern Colorado Water Conservancy 

District. The local costs were mostly offset by the sale of electricity generated from 

several dams throughout the CBT. Construction began in 1938, but many delays 

occurred, not the least of which was the advent of World War II. The project was 

considered, or at least argued to be, so important that in 1943 the varying organizations at 

the federal level decided the work on CBT was critical to the war effort, so work 

recommenced. It was not until 1957 that the full water volume (about 215,000 acre-feet 

per year) planned for the project started to be delivered to the dry fields of the east. 

 What infrastructure does it take to help irrigate 720,000 acres of farmland up to a 

hundred miles and one giant mountain range east of where the water exists naturally? The 

answer is a very complex, highly integrated, and very well-engineered one. The first 

major piece of the construction puzzle was the Green Mountain Reservoir (Figure 4). 

There were probably some engineering reasons that this storage 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 time. On the west side of the divide, several other reservoirs and 

linkages between reservoirs were needed. Landowners on and near Grand Lake, the 

largest natural lake in the state, insisted all along that the lake levels could not vary as 

they do in almost any reservoir. So a system of other reservoirs, pumping plants, canals, 

and gravity feeds was created to keep 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 Mountain Reservoir (both of these un-natural water bodies are 

now called lakes). Shadow Mountain 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 flows through the tunnel by gravity alone until it reaches the eastern side of 

the mountains above Estes Park. 

 

Figure 4 ï Schematic map of the Colorado-Big Thompson project (courtesy of the Northern Colorado 

Water Conservancy District) 

 

 On the east side there are siphons and a power plant at Mary's Lake from which 

the water continues downhill to the Estes Power Plant and then on to Lake Estes held 

back by the Olympus Dam. More diversions, canals, power plants, tunnels, and reservoirs 
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are located downstream from Lake Estes ï some of which use the Big Thompson River 

but most of the water goes through more tunnels and pipelines (Figure 5). The design of 

the distribution system and its components on the east side are much more complex and 

extensive than the collection system on the west side. They include Pinewood, 

Horsetooth, Flatiron, and Boulder reservoirs. They also include Carter Lake, the St. 

Vrain, Hansen, North Poudre, Boulder, and South Platte supply canals. A large amount of 

the CBT water actually ends up in the South Platte River that takes the water to farm 

fields and irrigation districts far out into the plains east of the mountains. The entire 

system raises water more than 1,000 feet on the west and drops it more than 3,000 feet on 

the east (Figure 6). All in all, it is a massive system costing very large amounts of money, 

effort, planning, and time. It is the largest mover of water in Colorado, but it is hardly the 

only one. 

 

Figure 5 ï Maryôs Lake powerplant ï a part of the eastern slope infrastructure for the CBT project. 
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Figure 6 ï A profile view of the CBT project showing the elevation changes in the system (courtesy of the 

Northern Colorado Water Conservancy District) 

 

 

 The CBT project was designed as a single system that served a large number of 

users ï farmers, industry, and several municipalities. The second largest city water 

system in the state is the Colorado Springs Utilities water system that uses several 

different transmountain diversion projects that focus water delivery to a single user ï 

William Jackson Palmer established the Fountain Colony in 1871. It was renamed 

Colorado Springs the next year. As a community on the eastern side of the mountains, it 

sat squarely in a semi-arid environment, and like any city, needed ready access to clean 

water. The earliest water supplies for the city came from the south slope of Pikes Peak. 

Several small reservoirs and tunnels were built that supplied enough water to Colorado 

Springs to take it into the 1930s. More local water development occurred when the city 

started putting together the North Slope system of water collection on the Peak including 
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Crystal and South Catamount reservoirs. The privately held Northfield System that used 

water from the West Monument Creek watershed was purchased by the city in 1949. But 

as the city grew, adding population and large government water users such as the U.S. 

Air Force Academy, it was soon evident that there would not be enough water for the city 

from these eastern slope sources.  

 The first transmountain project Colorado Springs developed was the Blue River 

system in the early 1950s. This project took water from the headwaters of the Blue River 

and moved it through the Hoosier Pass Tunnel into Montgomery Reservoir on the east 

side of Hoosier Pass. It then put the water into the Blue River Pipeline that brought the 

water to storage facilities at Rampart and the newly built North Catamount Reservoirs. 

As transmountain diversion projects go, this was a relatively small effort that collected 

and moved only about 8,400 acre-feet of water a year. But it was the harbinger of more 

massive and complex systems soon to come. 

 Even as the Blue River system was being built, a much more expansive scheme 

was being planned in cooperation with the City of Aurora. Both cities owned the water 

rights to large amounts of water in the upper watershed of the Eagle River ï in particular 

Homestake Creek. The physical needs of a water system bringing Homestake Creek 

water all the way to Colorado Springs were daunting, but the economic and political 

aspects may have been even more so. The Homestake Creek watershed is a major 

supplier of water to the Holy Cross Wilderness area. The initial project was deemed 

Phase I and captured and delivered over 25,000 acre-feet of water that was split between 

the two cities. Phase II of the plan was to greatly expand the amount of water from the 

Homestake watershed, but in 1986 the Eagle County Commissioners denied the land use 
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permit that would have allowed the project to move forward. The two cities sued but the 

Eagle County decision stood. Colorado Springs and Aurora still owned substantial water 

rights in the Homestake watershed but had no way of moving that water into their 

distribution systems. After lengthy legal wrangling and a Supreme Court decision in 

favor of Eagle County, the Eagle River Memorandum was signed by the numerous 

interested parties in 1998. This stated that sometime in the future, some or all of those 

existing water rights might be able to be used under certain conditions (italics added by 

author). Local agreement about collection points, environmental restrictions, and other 

issues still need to be negotiated, but someday, more Homestake water will  probably 

make the long journeys to Colorado Springs and Aurora. 

 In 1972 Colorado Springs purchased majority shares from the private Twin Lakes 

Company to get much of the Roaring Fork River water the company brought under the 

continental divide and delivered to the Twin Lakes between Buena Vista and Leadville. 

Colorado Springs brought this water down the Arkansas River to the Otero Pump station 

and added it to the Blue River water going to the Springs. This was only the beginning of 

the complex mix of water rights/sources and conveyance facilities that the city has 

developed over the last 50 years to supply its water needs. 

 Since the late 1970s Colorado Springs has been a partner in the Bureau of 

Reclamationôs Fryingpan/Arkansas project that brings water through the Charles H. 

Boustead Tunnel from the Fryingpan River, a tributary to the Roaring Fork, into the 

Arkansas River and the Pueblo Reservoir. Colorado Springs built the Fountain Valley 

Conduit to carry a portion of this water north and uphill to the city, but this relatively 

small conduit could not carry all of the varied water rights water owned by the city that 
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ended up in the Pueblo Reservoir. After decades of controversy, lawsuits, litigation, and 

negotiation, the large Southern Delivery System project from Pueblo Reservoir north to 

the Springs was finally completed in 2016 to carry most of the remainder of the water 

Colorado Springs had the rights to into the treatment and distribution systems serving the 

community.  

The city also added some complex water exchanges to this mix that they agreed to 

with the Colorado Canal Company and others who owned water rights in the eastern 

reaches of the Arkansas River. This last piece of the multifaceted system is 

euphemistically called ñbuy and dryò for its buying up of water rights of farmers, in this 

case in the Arkansas Valley, and transferring the water from farm to city. Many 

organizations and agencies are trying to work on ways that the resultant abandonment of 

irrigated farms in some of the communities along the Arkansas and other rivers and 

streams can be mitigated. There is a long list of ways that water rights can be exercised 

and water moved from one point to another, and Colorado Springs has used most of 

them. Figure 7 is a synopsis of the Colorado Springs water system which is duplicated in 

extent if not in exact details by other cities in Colorado, especially Denver and its famous 

(or infamous) Denver Water ï the cityôs organization responsible for procuring water for 

the City of Denver. 
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Figure 7 ï Map showing the extensive water system for the City of Colorado Springs (under License from 

Colorado Springs Utilities). 

 

 Of all of the Eastern Slope owners of Western Slope water rights, Denver Water 

might be the most notorious for its aggressive tactics in getting the diversions necessary 

to move their water over/under the divide. Over the decades Denver Water has used what 

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

their water from western slope sources. A decision by the U.S. Environmental Protection 

Agency in the 1980s might have been the first successful chink in the armor of Denver 

Water. Denver Water proposed the Two Forks Dam on the South Platte River 

downstream from the little mountain town of Deckers. The dam would have flooded a 



116 

 

very large part of the South Platte Valley in the mountains and foothills west of Denver 

that included big sections of Gold Medal trout fishing habitat. For a variety of reasons, 

the EPA concluded that the dam would be an ñenvironmental catastropheò and 

disapproved the permit. This rejection by EPA was a turning point for Denver Water. 

They have moved more toward negotiation and compromise in recent years. 

 One clear and important example of this new, more cooperative strategy is what 

occurred in 2014 among Denver Water, Grand County, and others in connection to the 

Fraser River ï a major tributary to the upper Colorado River. Denver Water owned 

substantial rights to water in the Fraser. Before this time Denver had been taking some of 

its water from the river, but there were many thousands of acre-feet it still had rights to 

that it could not yet move. Over a number of years, an agreement was reached that 

provided Denver Water with some flows, mostly during the spring melt season. There 

were significant restrictions during other seasons and in times of reduced flow from 

drought. In a statement made by Jim Lochhead, CEO of Denver Water, ñWeôre not going 

to be diverting water all the time. We wonôt divert water in critically dry years, and weôll 

only divert water during the spring runoff. At other times of year, weôll put water back 

into the [Fraser] river and improve conditionsò (Berwyn, 2014). 

 

 Two other issues involving water rights and diversions are less understood, but no 

less important than those discussed above. The first issue deals with the arcane concept of 

ñreturn flowsò in Colorado water law. Return flows are flows that return to a stream after 

being put onto irrigated fields. The crop being irrigated certainly uses a large part of the 

water, but some of the water added to the field runs off on the surface and ends up back 
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in the stream/canal from which it came. Another small but important part of that initial 

irrigation water soaks into the ground and ends up in the ground water table ï it 

eventually resurfaces and enters the original canal or stream or some other watercourse 

downslope. Either way these return waters have owners of the rights to them allowing 

them to use the same water from the original source over (and maybe over) again. With 

transmountain water transfers, the return water has no one who owns the rights to them, 

and therefore, the water can be used ñto extinctionò since there is no one downstream 

who owns those water rights. This means that the people who own rights on the western 

side of the divide from where the original water came do not get the benefits of return 

flows. Legal opinions have made it clear that the owners of water rights taken from the 

source in the west and used in the east do not have to account for the return flows that 

would have occurred if the water had stayed in its original basin. The potential water 

users in the west not only lose their original flows but also their return flows which are 

substantial. Predictably, this double jeopardy is viewed as legal and proper by those who 

have moved and are using the water on the Eastern Slope and as unfair and unjust by 

those on the Western Slope. 

 The second issue is the question of who suffers the impacts the most from 

transmountain diversions. For the most part the impacts of diversions affect those areas of 

the contributing watersheds that are closest to the divide more than the more major 

streams downslope. Most water is not taken from the main stem of the Colorado River, 

for example, but from the smaller tributaries upstream. In our examples that means the 

water is removed from streams such as Homestake Creek, the upper reaches of the 

Fryingpan and Roaring Fork Rivers, the Fraser River, Lily Creek, and other lesser 
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watercourses (Figure 8). The taking of relatively large amounts of water from relatively 

small streams impacts aquatic and riparian ecosystems near the headwaters 

disproportionally to their ability to withstand the removal of the water. In addition to an 

overall reduction in flows for these small streams, it can have the very negative effect of 

permanently changing the water temperatures of the streams. This may sound trivial but 

is seriously important for native species of plants and animals that have evolved to adapt 

to certain temperature levels of the water. Other water quality issues are also important as 

there is less water in these upper reaches to dilute pollutants that enter the streams. And 

there are changes in aquatic and riparian habitats including impacts on endangered 

species in these ecosystems that line the small watercourses near the divide. There are 

also major issues for local economies of the communities that make much of their living 

from tourism and recreation that depend on these headwaters for fishing, hunting, and 

other activities. 

 

Figure 8 ï Homestake Dam and Homestake Creek ï part of the Colorado Springs water system. 
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 Water transmountain diversions are not a thing of the past, but the way they have 

been accomplished may be changing. With more interest in environmental issues, more 

development on the western slope, more rapid population growth in Colorado and 

especially along the Front Range, brute force litigation over water issues probably is 

going to diminish and be replaced by more diplomacy, conciliation, and cooperation. Add 

to this mix the very real influence that climate change is going to be making on the 

Southwest in general and Colorado in particular. There are going to be more and more 

demands put on a system that is going to have less and less water. And most precipitation 

in Colorado will still be to the west of the Divide while most of the people will be to the 

east. Considering the needs of all of Coloradoôs people and natural resources will be the 

only way to assure that we can maintain Colorado as the place that it is. The Colorado 

Water Plan initiated by Governor Hickenlooper and finalized in 2015 is an important start 

in dealing with these issues (see the chapter on the Water 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 possible and mitigate where it is not. The plan specifically outlines 

seven principles for future transmountain diversion proposals. These principles include 

the need to consider the environmental needs; the role of conservation and reuse of water; 

and the idea that western slope needs will be accommodated for any future projects. It is 

an interesting and hopeful document and should be required reading for all of Colorado 

(Coloradoôs Water Plan, 2015). 
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Compacts 

 The U.S. Supreme Court Decision in Kansas v Colorado in 1907 put the 'almost' 

final and 'sort of definitive' nail in the coffin of Colorado thinking it could keep all of the 

water that falls on its land for use in Colorado. The decision stated that all the major 

rivers (especially our four) have always flowed through the states downstream and that 

these states are accorded their rights to some of the water. The opinion is "almost" and 

"sort of" because in the next century, there were innumerable local, state, and federal 

court cases, equitable decrees, memoranda of understanding, treaties and compacts that 

added to and altered the ways we share and divide up water in the West. By law and 

logic, the federal government is the legal entity responsible for deciding water issues 

between and amongst states and with foreign governments since together all of our rivers 

flow through 18 other states and Mexico. In fact there are three very specific ways the 

feds can solve controversies between states. First, there is direct legislation by Congress; 

in essence Congress has the ultimate power to decide issues between states. The second 

method is through lawsuits between and among states that get to the U.S. Supreme Court 

as stipulated in Article III of the U.S. Constitution. The results in court cases are often not 

totally satisfying to either party, and in some cases the court may not even make a 

definitive decision. The third method, and the one that is most used and understood, are 

compacts resolved and written by the states involved with federal approval. The idea of 

compacts is specified in Article I of the U.S. Constitution, and with Congress' approval 

states can negotiate these compacts that are binding and help preclude and reduce (but not 

necessarily stop) other litigation. Because Mexico is a sovereign country, water issues 

with it are negotiated through treaties. 
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 The "godfather" of Colorado water compacts with other states was Delph 

Carpenter. Many consider him the innovator who came up with the idea of water 

compacts between states to solve issues before they turned into litigation ï the equivalent 

of legal war over water. Carpenter was a Colorado State Senator from 1909 to 1911 and a 

descendant of some of the initial irrigators in the state at Union Colony near Greeley. 

When he left the Senate, he became Colorado's go-to person for water issues with other 

states. He represented Colorado in the U.S. Supreme Court case of Wyoming v Colorado 

in 1922. He then took his ideas of water compacts between states to the table in the 

negotiations amongst Colorado, Utah, Wyoming, New Mexico, Arizona, Nevada, and 

California over the water in the Colorado River and its basin. A quote from the 1922 

Colorado River Compact states succinctly the reasons Carpenter and the other states' 

negotiators came to this historic agreement:  

The major purposes of this compact are to provide for the equitable division and 

apportionment of the use of the waters of the Colorado River System; to 

establish the relative importance of different beneficial uses of water; to promote 

interstate comity; to remove causes of present and future controversies; and to 

secure the expeditious agricultural and industrial development of the Colorado 

River Basin, the storage of its waters and the protection of life and property 

from floods. 

Most of the compacts discussed below could use almost identical wording as to why the 

compact was established in spite of the fact that each compact for each of our rivers is a 

unique document with a multitude of ways to satisfy these "purposes." The history and 

wording for each of the compacts for our four rivers is different and unique in their own 
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ways. Looking at them in some detail helps us to put into perspective what we know 

about Colorado water and how we are part of the larger community of the West. 

 

 Al though the Rio Grande drains the smallest area (~ 8,000 square miles) of 

Colorado by far of our four rivers, it is the longest river (1,896 miles) beginning in 

Colorado. Its small size does not diminish the battles over the water that is used by 

farmers and ranchers in Colorado's San Luis Valley and allocated downstream to New 

Mexico, Texas, and Mexico. Much of the area that the Rio Grande drains in Colorado is 

in the San Luis Valley (~3,200 square miles), the only true desert region in the state with 

an average precipitation rate between seven and eight inches per year. In spite of the arid 

climate of the Rio Grande basin in the San Luis Valley, up to 600,000 acres of farm land 

is irrigated every year and 200,000 acres of the valley floor are in wildlife sanctuary 

wetlands such as the Baca, Alamosa and Monte Vista National Wildlife Refuges. 

 The 1938 Rio Grande Compact was finalized only after years of conflict and 

acrimony (Figure 1). By 1937 a comprehensive federal study of the water in the river 

system found that even at that early date, the river was already over-appropriated ï it was 

difficult if not impossible to start new water uses without diminishing the water of users 

already in the system. In the years leading up to the study, Congress had, for a variety of 

reasons, repeatedly set embargoes in place that stopped reservoir development in New 

Mexico and Colorado. In 1905 the Bureau of Reclamation started the Rio Grande project 

which was designed to provide irrigation water for the lower Rio Grande Valley in New 

Mexico and the upper part of the Valley in Texas. Elephant Butte Reservoir was 

completed in 1916 as part of the agreement. The 1938 Compact made liberal use of the 



123 

 

Elephant Butte Reservoir in its provisions. Because the river is so variable in its flows, 

the Compact basically states that when the river is low during drought conditions, less 

water needs to be released by Colorado; when the river is high in a wet year, more water 

needs to be released. Both the Rio Grande and its principal tributary in the San Luis 

Valley, the Conejos River, are regulated separately. A very key provision in the Compact 

that has affected the Valley and will continue to do so in the future is that any deficit that 

Colorado provides to the lower basin states must be made up for in reductions in surface 

water irrigation by the users in the Valley. This provision is having a significant affect on 

the farmers in the Valley today and into the future. 

 

Figure 1 ï Rio Grande Compact Map 

 

 Because the surface water in the basin is over allocated, the water available to 

provide downstream water rights is almost always in deficit. A very complex, costly, and 
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controversial fix to the problem starts in what is called the Closed Basin. From around 3 

million years ago until 440,000 years ago (a short time geologically), most of the San 

Luis Valley was covered by a very large, shallow lake that we now call Ancient Lake 

Alamosa. This lake was dammed at the southern end of the valley just north of the New 

Mexican border by a series of volcanic hills. Evidence of its breaching can be seen near 

those hills, and depositional evidence of the lake's existence can be found throughout the 

flat terrain in the valley. These lacustrine, or lake, sediments have a particular pattern that 

could only be made by suspended sediments slowly coming out of suspension and 

creating very flat lying, fine deposited material. At this earlier time the valley was 

basically a flat plain tilted ever so slightly south. During the nearly 2.5 million years of 

the lake's existence, the Rio Grande rapidly eroded the unconsolidated glacial sediments 

formed in the San Juan Mountains and carried this material into the valley exiting the 

mountains near what we now call South Fork. As the river's velocity slowed when it hit 

the flatter topography of the valley, much of the load of river sediments was deposited 

along and next to the course of the river. These riverine or fluvial sediments produced a 

low ridge just high enough to block water flowing south from the northern third of the 

valley. This area north of the low ridge is now what we know of as the Closed Basin. 

Surface water does not escape from the basin. This basin with no outlets would soon 

become a lake in most environments, but the Valley's low rainfall precludes that from 

happening.  

 The surface of the Closed Basin is a desert, but below ground are huge aquifers 

that hold billions of acre-feet of water, and the water in these aquifers slowly moves 

south and becomes underground tributaries to the Rio Grande over long periods of time. 
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The aquifer system in the closed basin is complex, but basically there is an unconfined 

aquifer just below the surface ï it even comes to the surface at the San Luis Lakes as the 

surface of these lakes is the top of the "underground" water table. There is also a much 

deeper confined aquifer. A confined aquifer means that there are impermeable layers of 

sediments, usually clay, both above and below the aquifer. Recent research has shown a 

possible connection between these two aquifers, and therefore both are considered 

"tributary groundwater" by the State Engineer and the signers of the Rio Grande 

Compact. 

 The soils in the San Luis Valley are actually quite fertile ï add a little (or a lot of) 

water, and agriculture can be a very viable industry. In fact at any one time there are 

between 485,000 and 600,000 acres of farmland irrigated in the Valley. Aside from 

traditional acequia or irrigation ditches in many of the Hispanic communities in the south 

of the Valley, most of these irrigated acres are wetted by center pivot irrigation rigs 

attached to wells of various depths depending on which aquifer is being tapped (Figure 

2). Since 1976 there has been so much groundwater withdrawal in the Closed Basin, the 

quantity of groundwater has deceased in the unconfined aquifer there by 1.2 million acre-

feet. So much water is being removed that the flows of the Rio Grande are being altered. 

There are also nearly 3,400 wells drilled into the unconfined aquifer that adds to the 

lowering of flows in the river. Needless to say, reduced flows in the Rio Grande as it 

flows south out of Colorado to New Mexico, Texas, and Mexico have those entities very 

concerned over the lack of Colorado's adherence to the Compact. In many years Colorado 

is actually in deficit to its obligations to provide water to the downstream users. 
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Figure 2 ï A USGS satellite image of the extensive center pivot irrigation in the northern part of the San 

Luis Valley (courtesy of http://earthexplorer.usgs.gov/). 

 

 A partial yet substantial solution to this dilemma is the "Closed Basin Project." 

According to the U.S. Bureau of Reclamation, the overseer of the project, the purpose of 

the project is to "é salvage unconfined ground water and available surface flows in the 

Closed Basin that would otherwise be lost to evapotranspirationé ." This salvaged water 

is pumped from the area near the San Luis Lakes into a 42 mile-long channel to the Rio 

Grande. It also provides water to the Alamosa National Wildlife Refuge and the Blanca 

Wildlife Habitat Area. These two wildlife areas provide for groundwater replenishment 

as some of the waters in them soaks back into the unconfined aquifers below. The system 

for the project is complex with several observation wells used to monitor aquifer levels, 

lateral pipelines, a conveyance channel, and other structures that help to keep the balance 

of water use in check as battles over reduced water availability are waged in and between 

the states. Of course there is only so much water, so as the unconfined and confined 


