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CHANGES IN CHANNEL MORPHOLOGY AND FLOOD-PLAIN 
ECOSYSTEMS OF THE GREEN RIVER BETWEEN THE 

FLAMING GORGE DAM, UTAH AND THE GATES 
OF LODORE, COLORADO 

Gloria Christine Celeste Britton, M. S. 

Western Michigan University, 1997 

Closure of Flaming Gorge Dam in 1962 reduced the flow rate and 

variability of discharge on the Green River below this dam. These changes, 

coupled with the decreased sediment load due to stilling and sporadic 

peaking in response to demand for hydroelectric power and controlled 

releases of up to 4500 cfs to cope with snowmelt have impacted the 

channel morphology and ecosystems of the main stem Green River 

between the Dam and the Gates of Lodore. Detailed comparative analysis 

of channel shape and riparian ecosystems or pre-dam and post-dam aerial 

photographs revealed that significant changes occurred after closure. 

Channel width has decreased by up to 80 percent and channel banks have 

shifted by as much as 467 ft. Field studies confirmed that altered hydrology 

and extensive colonization by Tamarisk have stabilized point bars and 

channel banks. Controlled releases with peak flows much lower than pre­

closure high flows preclude recolonization of cottonwood trees, but 

because bank erosion occurs at flows of 1000 cfs this riparian system 

continues to adjust to anthropogenic manipulation. 
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CHAPTER I 

INTRODUCTION 

The Green River between Flaming Gorge Dam, Utah and the Gates 

of Lodore, Colorado, was altered by the Flaming Gorge Dam (40° 54'30" 

north latitude, 109° 25'20" west longitude) which was completed in 

November 1962 (Figure 1). Prior to closure of the dam, the river flowed 

free of any anthropogenic constraints. Discharge fluctuated with the 

seasons, event rainfall and snow melt. The general pattern was heavy flow 

during the peak snow melt months of May and June ( Appendix B, Chart 

1). Low flow occurred during the winter months when the snows 

accumulated on the land and the river surface froze. 

This area of the United States has always been sparsely populated. 

Native american tribal groups frequented the low-lying park areas 

adjacent to the river because there were sources of water and game. In the 

nineteenth century, fur trappers and traders gave way to infamous 

outlaws and rustlers that hid in the Hole in the Wall and Brown's Hole. 

The turn of the twentieth century saw the arrival of a few cattle ranchers 

who irrigated pasture lands for hay. The U.S. Government started 

acquiring the present public domain lands to create Browns Park National 

Wildlife Refuge in July 1965 (USFWS, 1997). 

Since the dam closure, November 1, 1962, the river flow has been 

regulated in direct proportion to the demands for hydroelectricity by the 

population centers located of Denver and Salt Lake City. This regulation 
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Figure 1. Location Map for the Green River and Browns Park National 
Wildlife Refuge. 
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created vastly decreased flows below the dam (Appendix B, Chart 4). Large 

seasonal fluctuations no longer occurred and the fluctuations generated by 

weather events occurred only as a product of ephemeral streams that 

discharged into the main river channel below the dam because ofintense 

or prolonged rainfall and during snowmelt. Such climatic events do not 

occur often or on a regular basis due to the semi-arid climate. As a 

consequence of regulation in response to the demand for power, the long 

cycle annual fluctuations controlled by precipitation events and snowmelt 

have been replaced with daily fluctuations in response to the activities of 

distant cities. 

Water released from the dam is drawn from the Flaming Gorge 

Reservoir. The flow is consistently clear and cold, in contrast to pre-dam 

conditions when the water was sediment laden and the temperature 

changed seasonally. Pre-dam water temperatures fluctuated between a low 

of 33°F in December and January, to monthly highs of 70°F in July. Post­

dam temperatures ranged from 38°F in March to 47° in November 

(Schmidt, Bonebrake, and Larson, 1982). Pre-dam river flows ranged from 

1,800 cfs to 19,600 cfs. In contrast, post-dam flows ranged from 2.3 cfs to 

4,680 cfs respectively. These changes in temperature, sediment load, and 

discharge have affected the aquatic and riparian ecosystems downstream 

from the Flaming Gorge Dam. 

Concern about the changes caused by the dam arose within the first 

ten years after its completion. The National Geographic Society sponsored 

research expeditions to assess the nature and degree of landscape change 

that had occurred. Part of this research was to revisit portions of John 
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Wesley Powell's expedition itinerary and to assess the changes that had 

occurred over the intervening one hundred years (Graf, 1976). At the 

present time, a group affiliated with Utah State University, the U.S. Fish 

and Wildlife Service, Bureau of Reclamation, and National Park Service is 

studying whether a controlled flood release emanating from the Flaming 

Gorge Dam, similar to the one implemented in 1996 from the Glen 

Canyon Dam on the Colorado River, should be executed. 

In 1963 the U. S. Fish and Wildlife Service created Brown's Park 

National Wildlife Refuge along a section of the river downstream from 

the dam. Althoughportion of this refuge is in Utah, but most of it is in the 

northwestern corner of Colorado, upstream of the point where the Green 

River enters the Gates of Lodore and Dinosaur National Monument. This 

section of the river has been affected by the damming of the river. The 

upstream, western margin of the refuge is the Colorado-Utah state line 

which is mile 261.1 on the Green River. The downstream, or southeastern 

refuge border, is the northern entrance to Dinosaur National Monument, 

approximately 2 miles north of the Gates of Lodore. 

The emphasis of this report will be on the Browns Park Wildlife 

Refuge section of the Green River. This area is the first park the main 

channel flows through immediately downstream of the Flaming Gorge 

Dam. These lowlands have been visibly and perhaps permanently affected 

by flow constraints on the river. The purposes of this study are (a) to 

determine if there have been morphological changes to the main channel 

of the Green River; (b) if changes have occurred, to document them; (c) to 

determine if restricted flows from the dam have caused these changes; (d) 
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to assess whether these changes have affected the ecosystems; (e) to predict 

whether a controlled flood release affects; and (f) to make 

recommendations as to whether the controlled flood release be conducted. 

Review of Literature 

Studies of channel changes were initiated within the first ten years 

after dam completion. W. L. Graf (1976) concluded that channel 

morphology and vegetation had changed due to the growth of tamarisk. E. 

D. Andrews (1986) continued the research, but concluded that any changes

that occurred after 1950 were not due to tamarisk growth. Andrews further 

suggested that due to renewed degradation the quasi-equilibrium of the 

river of pre-dam era no longer existed along the channel length. In 

contrast, Lyons, Pucherelli, and Clark (1992) concurred with Graf and 

concluded that the Green River below the Flaming Gorge Dam had 

attained a new quasi-equilibrium condition, with the river transporting 

just the load supplied to it. Andrews (1986) also stated that there were no 

reports showing the down stream impact of a resevoir to compare data. 

Studies on the riparian and aquatic ecosystems were more in  

agreement. Schmidt, Bonebrake, and Larson (1982) stated that the 

hypolimnetic dam discharges had adversely affected the fishery. They 

proposed a temperature increase that was satisfactory to the dam 

operation, the maintenance of fish populations and supporting aquatic 

life. Holden (1991) stated that the Flaming Gorge Dam had created an un­

natural situation that had caused some of the fish species to die out. Graf 

(1976) noted riparian ecosystem changes with the dying out of upper 
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riparian zone plant species. This observation was supported by the Electric 

Power Marketing Environmental Impact Statement in 1996 (Western 

Area Power Administration [WAPA] 1996). 

Descriptive Geology 

The course of the Green River between the Flaming Gorge Dam, 

Utah and the Gates of Lodore, Colorado lies athwart a large eroded arch­

like uplift known as the Uinta Mountains with the long dimension of the 

arch oriented east-west. Although the Uinta Mountain uplift is generally a 

simple arch, in the area where the Green River crosses it, the uplift 

consists of a large main arch with several smaller subsidiary folds south of 

the main arch. The axes of all the folds trend in general east-west 

direction, and the supporting ends of the main arch have been broken� 

faults. The river channel from the dam, mile 290 above the confluence 

with the Colorado River, to the Gates of Lodore, at mile 245.2, crosses the 

main arch by a circuitous route through Red Canyon and Browns Park 

(Hayes and Santos, 1972; Reeside, 1930). 

All outcrops along the river channel are composed of sedimentary 

rocks. They range in age from Pre-Cambrian quartzite and conglomerates 

of the Uinta Mountain Group in Red Canyon to Tertiary sandstones i n  

Browns Park (Woolley, 1930). The Red Canyon entrance is marked by the 

Uinta Fault where Pre-Cambrian rocks are in contact with the 

Pennsylvanian Weber Sandstone (Thomas, 1952). Rocks forming the 

canyon walls are layers of dark red to brown sandstone, quartzite, 

conglomerate and shale (Reeside, 1930). The canyon walls stand 
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approximately 2,000 feet above the river surface (Woolley, 1930). The 

quartzite dips 10° to 20° NW as part of the Uinta anticline north flank. 

Here the valley is more open than the Canyon of Lodore which is on the 

southeast end of Browns Park. In contrast to other canyons in the region, 

talus covers much of the canyon walls permitting trees to take hold and 

grow (Reeside, 1930). Red Canyon is about 31 miles long (Woolley, 1930). 

On the lower end of the canyon, another fault forms one side of the Uinta 

Mountain graben (Thomas, 1952). Browns Park occupies part of this 

graben. Most of the park is underlain by soft, very light colored sandstone 

of the Tertiary Browns Park Formation. In addition the Browns Park 

Formation includes a basal conglomerate, white sandstone and tuffaceous 

beds. 

Immediately downstream from Red Canyon, at mile 276.6, the 

Green River emerges into a broad low open area approximately 33 miles 

long, named Browns Park. Here sandstone and terrace gravels form the 

stream banks. The river gradient flattens from an average of 11.9 feet/ mile 

to 1.6 feet/ mile (Woolley, 1930). The current slows in the wide, shallow 

channel which is bordered by a broad, terraced, vegetated flood plain 

(Thomas, 1952). The mile-wide alleviated valley is divided by the 

meanders into "bottoms". According to Hayes and Santos (1972) these 

terraces were formed during a Pleistocene glacial maximum. 

The underlying bedrock, on which the alluvial and lacustrine beds 

have accumulated, is irregular, and because of this irregularity the river 

has locally cut through beds these deposits and encountered of quartzite in 

the Browns Park Formation. Just above mile point 265.9 The river flows 

7 



through Little Browns Park and then enters Swallow Canyon. Here 

quartzite forms nearly vertical walls that stand about 200 feet above the 

Green River. The Green River emerges from Swallow Canyon, at mile 

263.7, into the main portion of Browns Park (Hayes and Santos, 1972). 

To the north of Browns Park lies Cold Springs Mountain and to the 

south lies the main Uinta Range. In this area both consist of quartzite of 

the Uinta Mountain Group. The Browns Park beds dip slightly 

northeastward along the river channel. They lie unconformably on 

quartzite which dips at 8° to 15°. The initial uplift of Cold Springs 

Mountain and the main mass of the Uinta Mountains occurred at the end 

of the Cretaceous Period (Thomas, 1952). 

Land Usage History 

When the first American explorers visited the Browns Park area, 

several Native American tribal groups, including the Comanche, 

Shoshoni and Utes, were occupying the area as an oasis. Fort Davy 

Crockett was built in 1837 on present Refuge land to protect settlers and 

trappers, as well to serve as a trading post. In the 1860's cattlemen utilized 

the lowlands as winter range. This led to the formation of several grazing 

ranches that irrigated the bottoms to raise hay and improve pasture lands. 

The largest of these ranches was the Two Bar Ranch, which controlled as 

much as 5 million acres at one time (USFWS, 1997). Other ranches in the 

area included the Jarvie Ranch, located in Little Browns Park, and the 

Taylor Ranch, located on the upstream end of Swallow Canyon. All of 

these ranches used the water from the Green River and the more fertile 
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soils of the bottoms, or former meanders. Irrigation was accomplished 

through channels that diverted high flows of water from the river onto 

the flood plain. Drainage channels back to the river controlled the amount 

of water on the land to prevent over-saturation. Thomas (1952) reported 

that ranching had been discontinued in this area. He also noted that since 

the drainage channels had not been maintained, the area occupied � 

swamps and stagnant ponds had increased. 
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CHAPTER II 

METHODS 

This study is based on the examination, interpretation, and 

comparison of a series of aerial photographs taken between 1938 and 1993. 

Because there was not a set periodicity between fly-overs, a considerable 

time lapsed between some of the series, especially before 1972. With 

increased public interest, and technology, aerial reconnaissance occurred 

more frequently, and an approximate five-year sequence was established. 

Because the site, is about 45 miles long, the author believed that the 

most severe impact of the dam closure would probably be in the location 

now occupied by the Browns Park National Wildlife Refuge. As a 

consequence, the study concentrated on the 15-mile stretch of Green River 

between mile points 258.3 and 245.0 (40° 45' - 40° 51' North Latitude, 108° 

52'30" -- 109° 00' West Longitude) (Appendix A). The course of the main 

channel trends east to southeast as it flows around the north and 

northeastern ends of Diamond Mountain, Colorado. 

Aerial photography, with stereo capability, was analyzed for the 

years 1938 (U.S. Geological Survey, scale 1:28,400 black and white), 1977-78 

(Bureau of Land Management, Colorado 1977, Utah 1978, scale 1:24,000 

natural color), 1979-80 (Bureau of Land Management, scale 1:40,000, 

natural color), 1982-83 (U.S. Geological Survey, scale 1:58,000, color 

infrared), 1982 (scale 1:40,000 black and white), 1987-89 (U.S. Geological 

Survey, scale 1:40,000 black and white), and 1993 (U.S. Geological Survey, 
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scale, 1:40,000 black and white). The 1938 photo set was used as the base set 

from which morphological and ecological changes were established. The 

quality of many of the photo sets was less than adequate for complete 

comparison. The author determined that the most contrast existed 

between the 1938 series and the 1993 imagery. 

Dam discharge rates had been recorded by stream gage station 

09234500 located on the right bank 0.5 miles downstream from the dam 

(40° 54' 30" north latitude, 109° 25' 20" west longitude). Period of record is 

from October 1950 through December 31, 1996 (see Appendix B). Peak 

discharge rates in the pre-dam years ranged from 833 ds on October 24, 

1962 to 19600 ds on June 12, 1957. A change in base discharge created 

another matching peak low on October 24, 1963. Due to the filling of the 

reservoir in 1963, minimum discharge rates were recorded as 2.3 ds on 

March 20, 22, 27, 28, 1963 . 

The photo sets were compiled into mosaics to show the entire river 

channel and immediate surrounding area. These mosaics were enlarged to 

a scale of approximately 1:10,000 for uniformity of comparison. This 

allowed for analysis and interpretation of possible channel changes and 

trends in the riparian vegetation. Channel morphology and the presence 

or absence of channel bars were noted on each set. Comparisons were 

made between sets to determine what changes had occurred between 

photographic dates. Measurements were made directly on the aerial 

photographs and compared to the enlargements. The measurement 

accuracy for the 1938 photo set is ±23.6 feet and ± 33.3 feet for the 1993 

photo set. Accuracy of these measurements and comparisons are limited 
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by=the=scales=of=different=aerial=photographs=as=well=as=by=the=changing= scale=

of= a= particular= year's= flight.= Specific= sites= were= selected= where= possible=

channel= change=was=anticipated.=Similar= analyses=were= conducted= for= the=

riparian= environment.= These= sites= were= noted= on= maps= and= formed= the=

basis=for=field=analysis.=

Validity= of= the= conclusions= drawn= from= analysis= of= the= aerial=

photography= and= selected= sites= was= checked= by= field= reconnaissance=

conducted= in= the= summer= of= 19%.= Photographs= were= taken= to= provide=

current=imagery=to=bring=the= analyses=up= to=date.=These=were=compared= to=

the= historical= aerial= photographic= sequences.= Vegetation= patterns= and=

species= composition= were= noted.= A= Map-o-graph= Model= 55= was= used= to=

trace= the= 1993= photos= of= the= main= stem= channel= onto= the= 1938= photos=

(Appendix=A).= The= sites= selected= for= field= checking= and= areas= of= channel=

shifting=were=noted=on=maps=so=they=would=be=field=checked.=

The=soil=survey=of=this=area=is=still= being=compiled=by=Moffat= County=

and=the=U.S.=Department=of=Agriculture.=The=mapping=has=been=completed=

for=the=wildlife=refuge=but=the= text,=description,=and=soil=map=with= legend=

have= not= been= created.= The= soil= map,= scale= approximately= 1:24,000,= and=

descriptive=report,=which=served=as=legend,=was=compared= to=the=air=photo=

sets= at= the= respective= site= locations.= Special= attention= was= given= to= the=

riparian=locations.=
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CHAPTER III 

DISCUSSION OF DAT A 

Stream Discharge 

To determine if the discharge of the river may have been an 

important factor in main channel morphological changes, an analysis of 

pre-damversus post-dam discharge was conducted. Because the only 

available stream gage, located down-stream of the dam and up-stream 

from the first perennial tributary, the Yampa River, was started in October 

1950, no earlier discharge data is available. An attempt in the early 1920's 

to establish a stream gaging station proved futile when the equipment had 

to be re-established each year due to the large magnitude of the spring run­

off. By 1925 upkeep of the gage was discontinued. No stream discharge 

records exist for this stretch of the Green River for the period from 1925 to 

the time the gage was re-established in October 1950. The nearest 

downstream gaging station is located below the confluence of the Green 

and Yampa rivers. Because the Yampa discharges approximately 7,000 cfs 

into the river system the data from the lower gage is of no value for this 

study. Therefore, historic river discharge data are limited and the 

discharges between the 1938 fly-over and October 1950 are unknown. One 

can only speculate on amount and seasonal flows utilizing the 1950 to 

dam closure in 1962 as a base pattern. 
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The drainage area for the Green River above gaging station number 

09234500 is 19,350 square miles. The contributing drainage area is 15,090 

square miles. Examining at the daily discharge charts (Appendix B) for this 

gage, reveals that seasonal hydrologic cycles affecting the site area (Ryan, 

1997c). Chart one (Appendix B) shows the historic data from gage 

initiation, October 1950, through 1961 (Ryan, 1997c). Although discharge 

highs are cyclic, the amount varies from year to year as a function of 

precipitation and snow melt. The discharge highs are primarily one event 

initiated by spring snow melt and recorded as spring run-off. Historically 

this event begins in late May and lasts about three weeks, ending in mid 

June. Increase in discharge is very rapid, sometimes almost doubling over 

night. The ending of the event is just as sudden with a substantial decrease 

in stream flow. Some of the years experienced two peak major run-off 

events with just a few days separating the two episodes (Appendix B, Chart 

2). These splits may have been due to weather fronts passing through the 

upper drainage basin, causing a period of cooling before warmer weather 

resumed and the spring thaw began anew. 

The largest discharge, 19,600 ds, was recorded on June 12, 1957 

(Appendix B, Chart 3). This great surge in stream flow was due to a 

combination of spring run-off and a dam failure upstream. The Fontenelle 

Dam, similar to the Teton Dam, was an earthen structure that developed a 

leak. This portion collapsed due to the saturated, weakened wall being 

over-stressed by the movement of the withdrawing surveillance crews 

who were monitoring the leakage. The resulting failure contributed to the 

massive discharge on this date (Harding, 1997). The higher peaks are 
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generally in October when the cold weather fronts pass through the area 

and precipitation changes from producing rain to snow and 

evapotanspiration decreases dramatically. 

Daily discharge of the Green River at the study site underwent 

significantly changes during the calendar years from January 1, 1960 

through December 31, 1969 (Chart 4, Appendix B). The last uncontrolled 

discharge year was 1961 (Ryan, 1997c). In 1962 spring run-off was recorded 

with a discharge maximum of 10,800 cfs on June 25. After that date, river 

flow became increasingly regulated as the Flaming Gorge Dam neared 

completion. Complete dam closure occurred on November 1, 1962. Since 

that date, the Green River has been fully regulated by the dam. Discharge 

readings from the gage measured the controlled releases as initial filling of 

the dam took place and later as, the need for hydroelectricity was matched 

by water releases (Appendix B, Charts 4-6) (Ryan, 1997c). Water was 

released to meet demands for electric consumption during the summer 

months, as evidenced by fluctuations between 2500 cfs to 4000 cfs. The 

demand for electricity for the end of year holidays and cold Januarys also 

appeared as higher discharges. This pattern continued throughout the 

1971-1980 period (Appendix B, Charts 7-8) (Ryan, 1997c). Snider, Hayse, 

Hlohowsky and LaGory (1994) reported that these fluctuations could be 

detected in the river more than 100 miles downstream. 

Flow of the Green River during the period 1981-1990 was marked 

by the exceptionally large discharges (Chart 9, Appendix B) that may have 

caused significant changes in channel and floodplain morphology (Ryan, 

1997b). In 1983, a maximum of 13,700 cfs were released. This release was 
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necessary to accommodate the melting of a massive snow-pack which 

resulted in an abnormally large amount of run-off. Water was released 

from the dam to accommodate the increase in run-off into the reservoir. 

Similar events occurred in 1984, when 8,640 cfs were released and in 1986, 

when flow was 8,020 cfs. 

In 1992 (Appendix B, Charts 10-11) a policy change regarding the 

water releases was implemented. The objectives of this change were to 

eliminate peaks and to meet the requirements of the U.S. Fish and 

Wildlife Service Biological Opinion for operation of the dam facility. The 

requirements directed for high steady flows in May and June, reduced 

flows and fluctuations in the summer and autumn months, and level 

flows when the Green River experienced ice (WAPA, 19%). This created a 

more ecosystem friendly release of near steady flow. Since 1992 flows have 

been more uniform and large increases and decreases avoided. Pre-snow­

melt releases were implemented in anticipation of needed reservoir space 

for containing the increased run-off. The reduced peak flows are thought 

to be more favorable for the water and riparian ecosystems immediately 

downstream. The WAPA (1996) report concluded that the steady flows 

would be slightly more favorable for riparian vegetation, some of which is 

listed as endangered. 

By comparing the discharge history of the Green River to 

Vermillion Creek below Douglas Draw near Lodore, Colorado, gaging 

station number 09235490 (40° 43' 20" north latitude, 108° 45' 26" west 

longitude), Chart 12-13 (Appendix C), it seems evident that if the dam had 
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notEbeenEplacedEatEtheE currentE locationEonE theEGreenE RiverE andEclosed,E theE

streamEdischargesEwouldEstillEbeEfluctuatingEcyclicallyEwithEtheEseasons.E

1938EChannelEMorphologyE

InE 1938,E theE GreenE RiverE meanderedE throughE theE BrownsE ParkE

regionE withoutE regulation.E TheE mainE stemE ofE theE channelE cutE itsE banksE

seasonallyEasEdischargeEincreased.E SeasonalE dischargeEhighsE andE lowsEwereE

cyclic.EEventEhighsEwereEofEsuchElargeEmagnitudeEthatEtheyEre-shapedEbanksE

eitherE throughE depositionE orE erosion.E ChannelE segmentsE andE pointE barsE

wereE repositioned,E orE eroded,E asE aE functionE ofE locationE withinE theE parkE

area.E TheE riparianE ecosystemEwasEoneE thatE flourishedE withE thisE typeE ofE

fluctuation.ETheE springErun-offEcausedEaErejuvenationE ofEplantEandE animalE

life.E GrovesE ofECottonwoodE (Populus angustifolio andEP. fremontii) treesE

linedEtheE streamEbanksEandEthrivedEonE theEperiodicEinfluxEofEsedimentE andE

higherE waterE table.E InE manyE placesE theE riverE hadE cutE intoE theE grovesE

causingEtheE treesE toE fallEintoE theE channelE (Woolley,E 1930).EWetlandsE wereE

replenishedE withE moistureE andE sediments.E TheE riparianE andE waterE

ecosystemsE wereE adjustedE toE theseE climaticE andE cyclicE fluctuations.E

WoolleyE (1930)EreportedE thatE theE bottomsE wereE brushE coveredE andE otherE

nativeE vegetationE flourished.ETheseE conditionsE wereEapparentEonE theE1938E

photoE set.E

TheE mainE stemE channelE asE viewedE inE theE 1938E photographicE setE

(AppendixE A)EwasEwithoutE anthropogenicE constraints.E TheE bottomsE andE

cut-offE meander,E HogE Lake,E areE depictedE asE shownE inE theE photographs.E

WetlandsE includedE HogE Lake.E AtE mileE pointE 276.6E theE streamE gradientE
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abruptly changed to 1.6 feet per mile. The attendant broadening of the 

channel slowed the river current and was no longer able to maintain the 

sediment load in transport. The photographs show that numerous bars 

had formed and that the larger ones were supporting vegetation. By the 

first mile below this change in slope the channel had started to meander 

(Site 2). The first wavelength of the meanders was complete on the 

downstream end of Warren Bottom. As one follows the channel 

downstream, the meanders tighten. The presence of abundant scrollwork 

indicates that the meanders had migrated progressively before 1938. The 

confluence of Vermillion Creek with the Green River was the site of 

deposition of a deltaic fan. This was located on the outside bank of the last 

meander loop within the Browns Park area, just above Site 9 of this study. 

Downstream from Site 9, the study site ends and the Green River enters 

the Gates of Lodore. 

1993 Channel Morphology 

The 1993 fly-over was conducted on two days. The first portion, 

flown on July 1, 1993, depicts the downstream portion of the study area, 

from site 6 through site 9 (Appendix B). The remainder of the fly-over was 

done on August 1, 1993, and depicts sites 1 through site 6. At the time of 

the flights, stream discharges were 970 ds and 910 cfs respectively. 

As shown on this imagry, the channel was greatly constricted and 

the meanders and point bars appeared to have changed shape since 1938. 

The smooth curving point bars have changed into angular bars that 

formed abrupt corners at the meanders. This was noted as early as 1976 by 
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Graf. These dramatic changes are thought to have resulted from the 

invasion of salt cedar or tarnarisk (Tamarix clzinensis) a persistent 

phreatophyte (Graf, 1976). The tree was imported from Spain in the 1800's 

to the southwestern portion of the United States. It was originally 

intended for stream bank stabilization. It has migrated northward up the 

Colorado River system, colonizing the moist" sandbars and stream banks. 

Dense growths of tarnarisk have resulted in the stabilization of the 

previously mobile sediments and constricted the open channels. 

Comparison of the earlier sets of photographs with the 1993 set 

revealed that the tarnarisk had influenced channel changes and continued 

to do so. Other vegetative changes include the decline in numbers of 

cottonwood. Many of the groves that existed in 1938 were no longer 

present. New cottonwoods were not replacing the old or dead trees. 

Cottonwood seed dispersal occurs during the high flow events in the 

spring. The floods deposit a moist alluvial substrate which provides a 

habitat favorable for regeneration of the seeds. By the time the flood water 

recedes, the seeds have been dispersed. The seeds germinate quickly in the 

moist soil and lose viability within three weeks (Fenner, Brady, and 

Patton, 1985). The older trees have deep enough root systems to tap into 

the phreatic zone but the regeneration of the species requires episode 

flooding well above the current darn control led discharge for seedling 

establishment (Graf, 1976). 

Overall the riparian vegetation was not not to as abundant in 1993 

as it was in 1933. This can be deected by the lighter tones on the photo 

representation. By 1993 the riparian environment had colonized the old 
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flood zones. Species that proliferate via subterranean root systems, such as 

wild licorice, common reed, and scouring rush, had also formed dense 

thickets along the channel banks (WAPA, 1996). The vegetation was 

stabilizing the banks and creating a narrower and deeper main stem 

channel. The cutbanks were steeper with nearly vertical sides. 

Wetlands were more numerous and· appeared to contain surface 

water. New wetlands, as opposed to those visible in the 1938 photo set, 

included Flynn, Nelson, and Hoy Bottoms. These appear as dark images 

on the 1993 photos. They also show evidence of anthropogenic nesting 

perches. Warren and Grimes Bottoms appear to have been dry but with 

newly constructed roads. Hog Lake appeared to be about the same as it did 

in 1938. 

Comparison of 1938 vs. 1993 Channel Morphology 

The following discussion is based on the 1938 air photos and uses 

the 1993 aerial photography for comparison. Please refer to the map in 

Appendix A. Because only one anthropogenic reference point is present 

on both photo sets, registering the sets proved difficult. Roads that were 

depicted in the 1993 set either did not exist in 1938 or followed different 

routes. Prominent ridge lines on the south side of the refuge were used as 

the other reference alignment points. The photographs are at different 

scales and are not multiples of each other. Although the exact scale of the 

1938 set is questionable, the set is thought to be fairly accurate. 

Measurement accuracy is± 23.6 feet for the 1938 set and ± 33.3 feet for the 

1993 set. 
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Overall from 1938 to 1993, there was a shifting of the main stern of 

the channel, an increase in the number of bars, and a narrowing of the 

channel (fable 1). At Site 1, the main change was the attachment of the 

large vegetated point bar to the southern main channel bank by the 

sediment filling and drying of the near bank channel. Another change that 

had occurred was the narrowing of the main channel, which had become 

constricted with linguoid dunes and non-vegetated bars. Some of the 

linguoid dunes appear to have been stalled and dissected. Stream width 

averaged 266 feet in 1993 as opposed to the 1938 width of 467 feet a 43% 

decrease. No channel shifting was noted at study Site 1. 

Table 1 

Channel Morphology Changes 

Site Location Change 

1 narrowed 43% 

2 narrowed 41 % 

3 narrowed 41% 

4 shifted 200 feet northeast 

5 shifted 467 feet east 

6 widened 13%, shifted 200 feet south 

7 narrowed 80%, shifted 330 feet southeast 

8 narrowed 49%, shifted 334 feet east 

9 narrowed 17%, shifted 467 feet east 
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Site 2 and Site 3 also showed narrowing of the main channel, many 

linguoid dunes and non-vegetated bars. At Site 2, there was also a point 

bar that has become part of the south main channel bank. Much of the 

southern bank part of the channel experienced vegetated bar growth and 

had become fixed to the stream bank. The channel width was 267 feet for 

Sites 2 and 3, for the 1993 photo set. This 41 percent change indicates a 

significant narrowing from the 460 foot-wide channel that existed in 1938. 

At Site 4 the main channel had begun to shift from the original 

banks of 1938. Here the shift was approximately 200 feet to the northeast of 

the former bank. Linguoid dunes were seen to be constricting the south 

bank at the meander crown and were becoming disconnected. Vegetation 

was stabilizing the dune-bar sediments in the 1993 photographs. 

At Site 5 the channel had shifted 467 feet to the east of the 1938 

bank. This is the first noted major meander shift within the refuge, but it 

is consistent with the scrollwork migration on the west bank. A linguoid 

dune had stabilized and was becoming a point bar, connected to the west 

bank, at low discharge. On the downstream end of the bar, vegetation had 

taken root. 

At Site 6, the main channel had shifted 200 feet south. This shift 

was tangential to the previous scrollwork. The main channel had many 

braided bars in 1993. The near bank channel for the two largest bars 

appeared to have been filling with sediment or was above water at low 

stream discharge. Water flow in the main channel was constricted by bars 

and dunes. This was vastly different from the condition depicted on the 

1938 photo set. Then there was only one large in channel braided bar that 
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was heavily vegetated. In 1938 stream flow around the bar was well 

established on both sides even though the channel width was only 473 feet 

as compared with 533 feet in 1993. This was the only site where widening 

of the channel was recorded and it was 13% change. 

The main channel at Site 7 had continued to shift, as evidenced i n  

the 1993 photos. The shift was 330 feet to the southeast. This shift is 

consistent with the normal migration as shown by the historic scrollwork 

for this meander. In 1993 the two angular vegetated braid bars that existed 

in 1938 had merged into one. Except at higher stream discharges, the bar 

had merged with the west bank. Another angular vegetated bar on the east 

side of the main channel had merged with the east bank. The remainder 

of the inside of the meander bend had braid bars and islands that were 

apparently above the water surface at sometimes. Flow was greatly 

constricted to a width of less than 200 feet. This was an 80% diminution 

from the channel width of 994 feet in 1938. 

In 1993 the entire channel at Site 8 had shifted. The east bank had 

shifted 334 feet east into the flood plain and the west bank was located at 

the approximate the location of the 1938 east bank. In 1993 all that 

remained of the groves of large trees that were on the west bank in 1938, 

were a few scattered remnants. These changes had resulted in a 49% 

decrease in channel width. The main channel had constricted from 520 

feet in 1938 to 266 in 1993. A large point bar was located on the west bank 

and was causing most of the constriction. The point bar on the east side of 

the channel in 1938 had merged with the bank by 1993. 
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The channel shift continued downstream to the upstream end of 

Site 9. This upstream point is the cutbank of the last meander in the 

Browns Park Wildlife Refuge and study site. The north (east side) cutbank 

had not shifted completely over as it had further upstream. This site is at 

the confluence of Vermillion Creek with the Green River. This is the first 

tributary to enter the river within the research area that is a perennial 

stream (Appendix C). No delta had formed at the mouth of Vermillion 

Creek but the influx of sediments may have contributed to the resistance 

of the stream at this point to meander shifting. 

At the point where the Green River completes the bend and 

changes from an easterly to a southern route, a complete bank shift had 

taken place. As with Site 8, both river banks had shifted the width of the 

channel. Here the shift was 467 feet to the east, abutting against the 

upstream end of the quartzite outcrop re-emergence that forms the 

entrance to the Gates of Lodore and Lodore Canyon. Point bars and 

linguoid dunes are numerous. At the downstream end of Site 9, the point 

bar that was sparsely vegetated in 1938 had merged fully into the east bank. 

The river channel had been 805 feet wide at this site in 1938 but had 

narrowed 17% to 667 feet in 1993. This merging created a small, well 

vegetated flood plain. In 1993 there was a point bar fully developed on the 

cut bank west side of the channel, and it appeared that the river may have 

shifted its course again. The quartzite outcrop confined the river meanders 

within the rising cliffs that are the first indication of the massive canyon 

walls of the Gates of Lodore. 
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1996QSiteQVisitationQ

TheQ BrownsQ ParkQ NationalQ WildlifeQ RefugeQ isQ locatedQ 75Q milesQ

northwestQofQCraig,QColorado,QoffQColoradoQRouteQ 318.QThisQ refugeQisQunderQ

theQ jurisdictionQ ofQ theQ U.Q S.Q FishQ andQ WildlifeQ ServiceQ (USFWS),Q

DepartmentQofQtheQ Interior.Q AccessQtoQtheQvariousQ wetlandsQorQ bottomsQ andQ

HogQLake,QisQrestrictedQdependingQonQ theQ timeQ ofQyearQandQwildlifeQ nestingQ

periods.QGrimesQBottomQ wasQstillQaQrestrictedQareaQatQtheQ timeQ ofQvisitation.Q

HogQLakeQwasQ openQ toQ theQ public,Q duringQ thisQ period,Q whenQ theQ northQ

circumferenceQ roadQwasQdry.QFishingQandQwaterfowlQhuntingQ areQpermittedQ

duringQseasonQandQwithQpermitsQandQlimitQ restrictions.Q

AQweatherQ frontQ hadQpassedQtheQnightQ beforeQ theQ firstQ siteQvisitQ butQ

theQsoilsQappearedQdry. TheQlocalQephemeralQ streamsQ showedQnoQdischarge.Q

TheQ weatherQ eachQ lateQ afternoonQ createdQ violentQ thunderstormsQ withQ

abundantQ lighteningQ groundQstrikes.Q BrushQ wildfiresQwereQ numerousQ inQ aQ

100-mileQ radiusQandQsomeQwereQ outQ ofQ control.Q TheQ fireQdangerQforQ theQ site

wasQ listedQ asQ extreme.Q WindQ velocitiesQ wereQ sustainedQ atQ 40Q mph.Q AirQ

temperatureQduringQtheQdayQwasQinQtheQmidQ90°'sQF.QEveningQ temperaturesQ

wereQinQtheQhighQ 50°'sQF.QTheseQareQtypicalQofQ AugustQtemperatureQranges.Q

RiverQ dischargeQdailyQrecordingsQheldQ steadyQatQ approximatelyQ 1490Q

cfsQforQ theQ JulyQ 30-AugustQ 12,Q 1996Qperiod.Q FluctuationsQ inQ streamQ heightQ

wereQdetectedQbyQobservingQ theQ wettingQ andQ thenQ emergenceQ ofQ linguoidQ

dunesQ andQsandQ channelQ bars.QTheQ fluctuationsQ wereQ gradualQ throughoutQ

theQdayQandQcouldQonlyQbeQdetectedQbyQrevisitingQ theQsameQ siteQ moreQ thanQ

onceQinQaQday.Q
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AtG eachG site,G tamariskG wasG abundantG andG over-takingG theG nativeG

vegetation.G TheG shrubG wasG successfullyG competingG withG theG nativeG

vegetationG inGdominanceG forGsoilG andGavailableG water.G ThisG situationG hasG

causedG theG USFWSG toG activelyG discourageG andG eliminateG thisG alienG

vegetation.G IntentionsG areGtoGhaveGMoffatGCountyGmowGtheGtamariskGinG theG

fallG seasonG andG theG USFWSG sprayG theG newG foliageG inG theG springG asG aG

deterrent.GAtGpresentG theGUSFWSG isGoneG yearGbehindG scheduleG andG intendsG

toGinitiateG theGeliminationG programGinG1997G(Harding,G1997,G1996).G

TheGcottonwoodG grovesGwereGdecliningG evenG moreG thanG depictedGinG

theG 1993GphotoG set.G DeadG treesG outlinedoldG scrollwork,G indicatingG formerG

streamG channelG banks.G NoG newG seedlingsG orG youngG treesG wereG noted.G

AcrossG theG GreenG River,G onG theG southG bank,G atG SiteG 4,G liveG cottonwoodsG

appearedGtoGbeGcloseGtoGtheGriverGbank.GTheGcutbankGbarsGonG theG northG bankG

wereG coveredG withG scrub-likeG vegetationG andG tamarisk.G TheG barG hadG

mergedGwithGtheGbankGandGappearedGstable.G

NelsonG BottomG supportedG aG luxuriantG growthG ofG matureG

cottonwoods,GindicatingGaGreadilyGavailableGsedimentG supplyGandGabundantG

water.GSpitzieGandGFlynnGBottoms,G asGwellGasGHogGLake,GwasGstillG supportingG

standingGwaterGandGaGwetlandGmarshGenvironment.G TheGotherGbottomsGhadG

beenGallowedGtoGdry forGtheGseason.G

PleistoceneG terracesG exposedG mG theG uplandsG byG roadG cutsG wereG

studiedG onG theGnorthG sideGofGtheGriver.GTheGlowerGbeddingGwasGcobblyGandG

unconsolidated.G TheG beddingGwasGalternatelyG layeredGwithG fineG silts.G TheG

cobblyG layersG finedG upwardG toG theG presentG surface.G HigherG terracesG wereG

composedG ofG channelG fillG materialG andG showedG signsG ofG scouring.G TheG
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lower layers of the exposed cuts were thin horizontal beds of sand which 

fined to silt in the upper strata. A gravel bed composed the top strata. All 

beds were poorly consolidated or cemented. This is consistent with stream 

bedding. Noorganic soil layers were exposed at these sites. 

Upstream from Site 2, the south bank was composed of multiple 

thin layers of fine silts. This bank was higher than the average 5-foot banks 

of the main river channel. The vegetation was not as abundant exposing 

expanses of silty alluvium. This was contrary to conditions on the north 

bank. 

The soils that were above water at Hog Lake were light colored fine 

silts. They were poorly packed with no discernable structure. This could 

indicate that the fine layers are the result of flood events. Vegetation was 

npanan and abundant. Much of the Lake was still supporting standing 

water. 

Soils Description 

The Moffat County Soil Survey, compiled by the NCRS, USDA, and 

Moffat County was in preparation at the time of site visitation 

The dominant soil on the floodplain is the Baroid-Eghelm complex 

with 0-3 percent slopes. The unit is 55 percent Baroid and 35 percent 

Eghelm soils respectively. The Baroid soil is deep and somewhat 

excessively drained. The surface layer is brown loamy fine sand 3 inches 

thick. The upper 44 inches of the underlying material is strongly alkaline 

stratified fine sand, loamy fine sand and fine sandy loam. Permeability is 

rapid and available water capacity is low. Effective rooting depth is in 
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excess of 60 inches. Seasonal high water table is at a depth of 5 to 7 feet, and 

runoff is very slow. Hazards of water erosion is slight, soil blowing hazard 

is high, and flooding is rare. 

The Eghelm soil is deep and well drained. The surface layer is pale 

fine sandy loam 4 inches thick. The upper 17 inches of the underlying 

material is strongly alkaline stratified sandy clay loam and fine sandy 

loam. Permeability is rapid. Available water capacity is moderate. Effective 

rooting depth and seasonal high water table are the same as the Baroid 

soil. Runoff and hazards are the same as the Baroid soil. 

The Baroid-Eghelm complex forms the stream banks on both sides 

of the main stem channel, and include the land between the river and the 

wetlands, Hog Lake and the vegetative attached bars. This is true for all 

the sites except for the north bank at Site 8. 

The Youngston Loam with slopes of 0-3 percent is present at the 

north bank of Site 8, upstream ends of Flynn, Warren, Nelson and Grimes 

Bottoms, and the downstream end of Grimes Bottom. This soil is deep and 

moderately well drained. The surface layer is pale brown loam 9 inches 

thick. The underlying material is stratified loam, clay loam and silt loam 

to a depth of 60 inches. Permeability is moderate and the available water 

capacity is high. The effective rooting depth is the same as the Baroid­

Eghelm complex as well as the runoff, water erosion and flooding hazards. 

The seasonal high water table is at a depth of 4 to 6 feet. The hazard of soil 

blowing is moderate. 

The Tipperary Sand with slopes of 5 to 22 percent is persent at two 

locations, the slightly vegetated attached bar at Site 2, and the north bank 
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areaVbetweenV SitesV 3VandV4.VThisV soilV isVdeepVandVexcessivelyVdrained.V TheV

SurfaceVlayerVisVlightVyellowishVbrownVsandV3VinchesV thick.VTheV underlyingV

materialV isVsandVtoVaVdepthVofV60Vinches.V

LandVUseV

TheV landVuseV forV theV Brown'sV ParkVareaVhasVchangedV fromV pastureV

andVrangeVlandsV toVwildlifeV refugeV andV recreationalV activities.V TheV refugeV

servesV asVaVnestingV andVmigrationV habitatVforV migratoryV birdsV suchV asV theV

GreatV CanadaV GooseV andV variousV duckV species.V ApproximatelyV 2,500V

ducklingsVandV300VgoslingsVareVhatchedV eachVyear.VOtherV birdsVinV residenceV

areV baldVandVgoldenVeaglesVandVperegrinVfalcons.VDeer,VelkVandVpronghornV

antelopeV areV amongV theV animalsV grazingV theV uplandsV andV terraces.V

RiparianV animalsV includeVriverV otterVandVmoose.V

NineV pumpingV unitsV haveV beenV installedVtoVdivertV waterV fromV theV

GreenV RiverV andV VermillionV CreekV andV toV therebyV maintainV theV nineV

marshV unitsV ofV approximatelyV 1,430V acres.V AcquisitionV ofV 5,356V acresV atVaV

costVofV $622,976VwasV fundedV throughV theVMigratoryV BirdV HuntingV StampV

ActV (USFWS,V 1997).VTheV restV ofV theV 1,305V acresVofV theV refugeV areV leasedV

fromV theV stateVofVColorado.V WithV theV exceptionV ofV oneV 200-acreVprivatelyV

ownedVtract,VtheVareaVisVprimarilyVpublicVlandsVunderVtheVjurisdictionVofVtheV

U.S.V FishV andVWildlifeV ServiceV whichV alsoV governsV theV refugeV (USFWS,V

1997).V TheV privateV landV isVprimarilyV agricultural,V withV grazingV beingV theV

mainVlandVuse.V

TheVDiamondVBreaksVWildernessV StudyVAreaV comprisesV theV landsV

locatedV onV theV southV bankV ofV theV GreenV RiverV adjacentV toV theV wildlifeV
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refuge. The tract consists of 3,900 acres. The entire stretch of the Green 

River from Flaming Gorge Dam through the site area is under 

consideration for inclusion in the National Wild and Scenic Rivers 

System(WAPA,1996). 
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CHAPTER IV 

ASSESSMENT OF RESULTS 

Morphological Changes 

The Green River between Flaming Gorge Dam and the Gates of 

Lodore, has experienced main channel morphological changes. This is 

evident in the Browns Park National Wildlife Refuge section of the reach. 

With the decrease in overall discharge due to dam regulation, the river 

has been unable to maintain the original channel width. Narrowing of up 

to 80% of the channel was observed throughout the refuge. The increase 

in the number of linguoid dunes and point bars is evidence of decreased 

sediment entertainment. These changes are especially apparent at the 

upstream sites of the study area. 

Andrews (1986) commented that the bed material size decreased 

downstream through the park until the river bed became entirely sand, 

with a median diameter of 0.4 mm (medium sand). This is inconsistent 

with the soil survey and 1996 field reconnaissance. The soil textures fine 

downstream from predominantly loamy fine sand to loam, a range of .031-

.002 mm. The soil depth increases downstream. The exposure of pre­

existing sandbars, as the dam released discharge decreased, created 

backwaters which drained with further reduction in stream flow. Other 

sand and point bars emerged above the water surface level long enough to 

permit germination of vegetation. The vegetation stabilized the loamy 
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fine sands. More vegetative species rooted and aided in lowering the level 

of the available water by transpiration of the increased number of root 

systems. 

The steep sandy side cut banks have been and are being stabilized � 

the roots of scrub vegetation. The riparian zones have shifted down the 

elevation gradient to more favorable conditions closer to the present river 

channel. The woody riparian species, such as the mature cottonwoods and 

box elder, are remnants of the pre-dam upper riparian zone which was 

located above the pre-dam annual floods. Their root systems are deep 

enough to tap the ground-water supply. Rejuvenation of new cottonwood 

seedlings have not been evident but the other woody species saplings are 

appearing at a lower elevations (LaGory and Van Lonkhuyzen, 1995). Graf 

(1976) reported that the cottonwood groves were thinning rapidly due to 

the lack of rejuvenation and would eventually die out. 

The main channel has definitely shifted. This is observable from 

Site 4 downstream through Site 9. It could be construed that the decrease 

in discharge caused the shift. The reduction in discharge created a 

decreased meander size and the historic meanders were no longer stable. 

The channel readjusted to fit the new lower discharge. Sinuosity increased 

and the meander wavelength decreased with the reduced flow. Also, the 

finer, more easily entrained sediments permited meandering as opposed 

to the sandier materials. 

Evidence of the grain size of entrained is the fining of soil textures 

downstream. Because the river was no longer able to maintain the larger 

sediment sizes in transport sthe coarser materials were left upstream. As 
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the river flows from a constricted and relatively steep gradient to a wide 

expanse with low gradient, the Green River slows and channel widens. 

The erodible sedimentary materials of Browns Park permit bank erosion 

and dissipates the energy generated in the river flow. The utilization of 

energy within the stream must change to minimize energy expenditures. 

Meanders, being a least work phenomena permit the efficient utilization 

of energy. Therefore with the river flowing downstream within the easily 

erodible bedrock and soils of Browns Park Refuge, the Green river would 

begin to meander to use the remaining energy efficiently. 

Morphological Changes due to Decrease in Discharge 

The question as to whether the damming of the river has caused 

the morphology of the main channel to change, has two parts. The first 

part is to whether the channel shifting could have happened if the 

discharges had remained within the pre-dam magnitudes and 

fluctuations. At this point, it is only conjecture that the dam closure did 

affect the meander shifting. It could be postulated that due to the decrease 

in discharge and resulting lower energy, the river has shifted to adjust to 

the new energy level. Andrews (1986) stated that the dam caused the 

changes in width and flow patterns. He reported that due to the sediment­

free discharges, the channel was degrading. Channel bed sediments were 

the materials source for any new bar development. 

Lyons et al. (1992) reported that between 1952 and 1964, primarily 

pre-dam, there was little change in channel width. They concluded that 

the dam had measurably narrowed the river channel. They continued to 
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state that the narrowing was due to the increases in the number of islands, 

island size, and the sediment filling with consequent loss of the side 

channels. 

Andrew (1986) noted that the Green River was establishing a new 

flood plain approximately 4.0 feet lower than the pre-dam plain. He 

postulated that this was due to a decrease in effective discharge and to a 

degrading of the stream bed. This adjustment with the channel narrowing 

was still occurring during the 1996 site visit. This would support the 

hypotheses that the channel change observed was due to the dam closure. 

Morphological Changes due to Vegetation Changes 

The other part of the question, whether the dam closure had caused 

mam channel morphological changes, is the manner in which the 

vegetation may have contributed to the change. The pre-dam discharge 

would have kept the riparian zones at the former elevations and there 

would not have been a shift of the zones down-slope towards the new 

river level. Bar vegetation would have been less, allowing for seasonal 

aggrading and degrading of the bars and linguoid dunes. Seasonal floods 

would have made it more difficult for some vegetative species to root and 

stabilize the channel banks permitting more cut-bank erosion. These 

floods would have stripped the lower riparian zone and much of the less 

sturdy upper riparian zone vegetation shoots from the river banks. Lyons 

et al. (1992) postulated that the reduction in flood events may encourage 

vegetative growth, stabilizing, trapping and reducing erosion. 
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AndrewsD (1986)D statedDthatD theD tamariskD invasionD intoD theD riparianD

zoneD mayD haveD beenD aD causeD ofD channelD changeD onlyD untilD 1951.D HeD

continuedD thatD channelD widthD hadD narrowedD byD27%D butD thatD allD changeD

hadDoccurredDbeforeD1951.DHeDdidDnotD stateDatDwhatD locationsD theseD changesD

hadDoccurred.D ThisD blanketD statementD forD theD entireD reachD ofD theD GreenD

River,D fromDtheDdamDsiteDtoDGreenDRiver,D Utah,D orD290DmilesD ofDriver,D isDinD

error.D NoDwhereD doesD AndrewsD cite;D whereD theD tamariskD wasD abundant,D

whetherD orD notD thereD wasD anyD observableD upstreamD encroachment,D andD

evidentlyD didD notD noteD theseD aspectsD evenD thoughD heD wasD interpretingD

aerialDphotographsDtakenDpriorDtoD1%2DandDafterD1980.D

TheD purposeD ofD theD plannedD exterminationD ofD tamariskD byD theD

USFWSD ofD theD inD 1997D disputesD Andrews'D claim.D TheD USFWSD actionD

supportsDGraf'sD(1976)DobservationsD thatD inD additionD toDsupplyingDaDmeansD

ofDstabilizingD barD andD banks,D theD tamariskD hadD aD significantD effectDonD theD

hydrologicD environmentD throughD transpiration.D GrafD continuedD thatD theD

treeDmayDhaveD taprootD lengthsD greaterDthanD 10DfeetDandDconsumeD upwardsD

toD4Dacre-feetDperDyearDperDacreDofDtheDshrub-likeDgrowth.DThisDwouldDhaveD aD

substantialDimpactDonD theDlocalDhydrologicDcycleDandDriparianDenvironment.D

GrafD(1976)DpostulatedDthatDtheDexpansionDofD theDbarsDandDislandsDwasDnotD aD

productD ofD riverD sedimentD changesD butD ofD theD tamarisk.D TheD roleD ofD thisD

exoticD plantD isD criticalD inD landscapeD change.D ThisD isD dueD toD tamariskD

colonizationD onD previouslyD barrenD barsD whichD stabilizedD theD channelD

featuresD byD trappingD andD anchoringD sedimentsD inD theirD extensiveD rootD

system.D Therefore,D theD damD throughD smallerD dischargesD andD lowerD peakD
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flows had changed the riparian ecosystem by permitting the introduction 

of exotic plant-life. 

Changes in the Riparian Ecosystem 

The afore mentioned changes have affected both the hydrologic and 

riparian ecosystems. The riparian system has shifted down in elevation to 

positions closer to the present river surface. Historically, the vegetation in 

the lower riparian zone adapted to the seasonal high flows and responded 

quickly to the changes in the moisture levels. If the changes in flow 

characteristics had not destabilized the native vegetation exotic flora 

would not have been able to transgress into the refuge area and stabilize 

the banks. With the vegetation being allowed to grow on bars, the 

deflation of the sand deposits by wind erosion has decreased and the bars 

are more stable. 

Changes in the Aquatic Ecosystem 

The hydrologic ecosystem was affected by the dam in several ways. 

As early as 1962, the aquatic life was affected. Poisoning by rotenone 

application to non-salmonid fish was implemented to protect species 

favored by the angling public. Some of these local "trash" fish were native 

but others were introduced species that trout anglers did not want in the 

reservoir (Collier et al., 19%; Holden, 1991). The detoxification station was 

located approximately 1.5 miles upstream from Site 1 and Hog Lake. It was 

anticipated that detoxification would be complete well before the Gates of 

Lodore, where the Green River entered Dinosaur National Monument. 
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The poisoning was conducted but the concentration of the rotenone 

recorded at the detoxification site remained so high that fish were 

reported to be dead or dying as far downstream as the downstream end of 

the monument. Heavier losses than initially anticipated of native fish i n  

the refuge area were reported (Collier et al 1996; Holden, 1991). 

Even with this change in the species concentration, Holden (1991) 

theorized that the change in discharge and water temperature had more 

impact on the aquatic life. The dam has a hypolimnetic release that creates 

a much colder than pre-dam discharge temperature. Schmidt et al. (1982) 

reported that the poor growth and survival of stocked rainbow and 

cutthroat trout fingerlings was due to the extremely cold water 

temperatures. The diversity of other aquatic life also declined. A shift 

from 48°F to 55°F saw dramatic increase in the trout fishery and 

supporting aquatic life. Schmidt et al. (1982) suggested a different depth of 

withdrawal for dam discharge. The WAPA (1996) reported that the clear 

cold waters supported new aquatic macro-invertebrates which are the food 

base for the fishes. The low gradient reaches within Browns Park however 

support different species of macro-invertebrates. The pre-dam water 

temperatures and sediment load would not be favorable for any of these 

species, including the trout fishery. Thus, the dam has affected the aquatic 

ecosystem as well. 
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CHAPTER V 

EFFECTS OF A CONTROLLED FLOOD RELEASE 

General Overview 

With the stated morphological and ecological changes, the question 

that is then raised is whether one or more controlled floods events would 

reverse some of the changes and perhaps initiate a more favorable 

ecological setting. Regardless of the type of flood, whether within or out of 

bank, some basic situations would occur. The following discussion 

concerns the possible effects of a discharge of flood stage magnitude 

flowing through the Browns Park National Wildlife Refuge site area. 

The gradient from the darn through Red Canyon to Little Browns 

Park is 11.9 feet/mile. The first widening of the Green River is into a park 

or flood plain known as Little Browns Park. The river re-enters a 

constricted area, Swallow Canyon before flowing into the Browns Park 

area, where the gradient lessens to 1.6 feet/ mile. 

With the same volume of discharge flowing into a narrower 

channel, the canyons can be equated to a modified Venturi tube in the 

constriction of the river flow. The effect downstream, when the flow exits 

the constriction, where the downstream end of Swallow Canyon meets the 

beginning of Browns Park, would be similar to a Bernoulli effect. The flow 

velocity within the constriction would increase in direct proportion to the 

reduction in channel area. The velocity of the flow would increase, by the 
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continuity law, within the canyons to meet the demands of continued 

flow. By Bernoulli's principle, the pressure within the flow would 

decrease while the flow is constricted. This would create a suction,or 

hydraulic lift, away from the wetted perimeter of the river. As the river 

flows out of the constriction, Swallow Canyon, into Browns Park, a wider 

and shallower area in which to flow, the suction would remain for an 

undetermined distance down the channel. The suction plus the increased 

velocity would have strong erosion capabilities. Turbulence would be 

greatest near the wetted perimeter of the channel because of the 

irregularities in the stream banks. 

The energy generated in river discharge may entrain sediments 

directly from the banks causing erosion or corrasion. The relatively high 

stream gradient would also have a positive effect on the ability of the river 

to transport bedload. 

It should be anticipated that the turbulence could cause much 

erosion at the entrance to the refuge at Hog Lake. Both channel banks 

could be eroded with the north bank being effected the most. Stream 

velocity would slow quickly due to change in gradient, widening of the 

channel and shallower channel depth. 

Entrained sediment would be deposited quickly due to the inability 

of the river to maintain the materials in transport. This would probably 

occur in the channel area of Spitzie Bottom. The release of the entrained 

materials would fine downstream as the river channel meanders through 

the refuge. This would account for the progression of soil textures from 

loamy fine sand to loam downstream. As the river channel become re-
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constricted, where the Green River enters the canyon entrance to the Gates 

of Lodore, major deposition could occur due to the river discharge 

backing-up. The deposition could be expected to occur at and around 

Grimes Bottom. 

When the river discharge lessens, due to the flood event ending, 

there would be renewed scouring and erosion in the vicinity of Grimes 

Bottom, as the backed-up flood waters would be siphoned into the 

narrower and steeped gradient Lodore Canyon channel. This could cause 

renewed erosion of both river banks at the downstream end of the refuge. 

Two scenarios need to be discussed when analyzing a controlled 

flood release. The first is the effects of a flood event that would be confined 

to within the main channel river banks. The second would be the effects 

of a flood event of a greater magnitude which would overflow the main 

channel banks, flow onto the flood plain, into the riparian ecosystem. 

The magnitude of discharge that can be released from the dam is 

governed by several factors. The maximum power output for the Flaming 

Gorge Dam is 4600 cfs. Two bypass tubes may be opened, when the 

reservoir is full, adding an additional 4000 cfs. The tunnel spillway may 

also be used, when the reservoir is full, to add another 28,800 cfs. If all is 

utilized, a total maximum of 38,400 cfs output could be initiated (Ryan, 

1997a). This magnitude is greater than the flood release, conducted by the 

Glen Canyon Dam on the Colorado River in March 19%, of approximately 

19,000 cfs (Collier et al, 1997). 
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Effects of a Within Bank Flood 

Erosion of the channel banks have historically been a major 

problem. The erosion could be due to high discharge or wind-wave action. 

In the spring of 1967, it was noted in the Annual Narrative for Browns 

Park Refuge (Harding, 1997a) that the river, p.owered by wind-wave action, 

cut to within three feet of the entrance road, located upstream from Site 1. 

The notation continued that the high discharge of approximately 4000 ds 

during spring run-off caused a continuing problem. 

In the narrative from that year, an entry discussed concern that 

erosion of the river banks becomes critical with flow as low as 1000 cfs. 

In response to these concerns, pilings were buried vertically along the 

river bank, at Site 5, the location of the sub-headquarters living area. Rip­

rap was placed between the bank and the barrier fence. This was also done 

further down stream between Sites 6 and 7, to protect Fort Davy Crockett 

National Historic Site (Harding, 1997 a). 

Numerous documentations, through the years and continuing to 

the present, were made in the Annual Narratives referencing the 

continuing battle against bank erosion. The main sections impacted by 

erosion are located on the cut-banks of the meander bends. The entire 

main stern of the Green River through the refuge has been noted as being 

severely eroded. The USFWS work projects within the refuge have been 

repeatedly involved in the stabilization of the river banks. As early as 

1968, the agency determined that one of the long-term problems 

concerning the Green River was bank erosion (Harding, 1997a). 
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Silt deposition, causing the clogging of pump sites where river 

water is pumped into the wetlands to maintain a favorable marsh habitat 

for the riparian ecosystem, has been a continuing problem. At 8200 cfs, the 

silting shut of pumps becomes even more of a problem, as occurred in  

1986 when a discharge of 8200 cfs caused considerable damage. The high 

flow did permit the use of gravity flow to channel water into Hog Lake. 

Another problem with higher stream flows has been the loss of bare 

sand bar sites for the waterfowl. Prior to being vegetated bars were used � 

geese and ducks for loafing, roosting, resting and protection from the 

winds. Flooding of the marshes also created fewer nesting sites, although 

many of the waterfowl winter in the wetlands. The 1983 Narrative 

reported that approximately 300 geese wintered and the 3,200 duck 

population swelled to over 9,000 by March (Harding, 1997a). 

The aquatic ecosystem is also sensitive to flooding. flood flows are 

heavily laden with silt, and endangered fishes, including the Colorado 

River Squawfish and trout, cannot flourish in water with high sediment 

loads. These species prefer the clearer flows associated with lower 

discharges. 

Effects of an out of Bank Flood 

The best example of the effects of an over bank flood is the 1983 

spring run-off. The release of 13,700 cfs caused much damage throughout 

the refuge. Most of the pump sites were either damaged or inoperable due 

to silt and sand build-ups. Sand bars formed at the Spitzie pump site 

causing the preventative shut-down of the pump. Materials behind the 
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bulkhead7 were7 washed7 out.7 The7 Grimes7 pump7 site7 was7 tilted7 and7

bulldozer7work7was7necessary7to7prevent7 the7pump7equipment7 from7 total7

washout.7The7residence7quarters7No.7 1,7located7at7Grimes7Bottom,7 had7two7

inches7of7water7above7 the7 foundation7 floor.7 The7 roads7in7Warren,7 Spitzie7

and7Hoy7Bottoms7 were7 flooded7 (Harding,7 1997a).7Upstream7 approximately7

ten7miles7 from7 the7 refuge7the7Taylor7Flat7Bridge7washed7out.7 This7 bridge7

was7used7by7the7 USFWS7 and7 the7 Utah7 Division7 of7Wildlife7 Resources7 to7

transport7heavy7machinery7to7the7southern7banks7of7the7Green7River.7

The7 riparian7 and7 aquatic7 ecosystems7 experienced7 mixed7 results.7

There7 were7no7 river7 bank7nesting7 sites7 located7after7 the7 waters7 receded.7

Bank7 erosion7 was7 evident7 and7 the7 vegetation7 was7 stripped7 away.7 The7

wetland7 areas7 were7 sub-irrigated7 and7 the7 nesting7 structures7 were7

surrounded7 by7 water.7 The7 Green7 River7 flowed7 into7 Spitzie7 marsh,7

eliminating7 the7 momentary7 need7 for7 pumping.7 Most7 of7 the7 island7

vegetation7had7been7removed7by7the7magnitude7 of7 the7 flood7event.7 There7

was7 a7 higher7 incidence7 of7 animal7 kill7 including7 deer.7 The7 aquatic7

ecosystem7 suffered7in7the7loss7of7fish7as7evidenced7in7 fishing7 success7which7

was7reported7to7have7 been7poor.7The7moss7 and7silt7 that7had7been7on7 the7

main7 channel7 bottom7were7gone7(Harding,71997a).7
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CHAPTERMVIM

CONCLUSIONM

TheMGreenMRiverM fromMFlamingM Gorge;MUtahM toM theM GatesMofM Lodore,M

ColoradoMflowedMfreeMofManthropogenicM constraintsMuntilM 1962.MPriorM toM 1962,M

riverM dischargeMratesMwereM greatlyMeffectedMbyM seasonM andM weatherM events.M

TheMannualM snow-meltM createdM floodM amountsM inM excessMofM 8,000M cfs,M andM

riverM flowM amountM loweredM toM lessM thanM 1,000M dsM duringM theM summerM

season.MNon-seasonalvariationsM throughoutM theM yearMwereMdueMtoMclimaticM

eventsM ofM shortM duration.M MainM stemM channelM morphologyM reflectedM theM

seasonalM discharges.M TheM localM riparianM andM aquaticM ecosystemsM wereM

adaptedMtoMriverMdischargeMandMflourished.M

WithM theMclosingM ofM theM FlamingM GorgeMDamMinMOctoberM 1962,MriverM

dischargeMwasMcontrolledM andMalteredMfromMhistoricM flowMpatterns.MWithM lessM

discharge,MtheMmainM stemM channelM becameMnarrowerM andM theM meanderingM

patternM shiftedM inM adaptationM toM theM lowerM flowM rates.M TheM entrainedM

sedimentsM originatedM fromM theM RedM CreekM ephemeralM streamM watershed.M

ThisM creekM wasM theM onlyM tributaryM toM emptyM intoM theM GreenM RiverM ofM

consequence.M TheM historicM sedimentM loadM ofM theM GreenM RiverM hadM

originatedM fromM watershedsM totalingM 19,350M squareM miles.M SedimentM loadM

afterM damM closure,M atM gagingM stationM 0.5M milesM belowM theM dam,M hasM beenM

notedMasMbeingM virtuallyM zero.MTheMmainM stemM channelM withinM theM BrownsM

ParkMRefugeM shiftedM inM adjustment.M ThusM theM channelM morphologyM wasM

altered.M
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The pre-dam riparian and aquatic ecosystems were adapted to the 

seasonal discharge changes and native species flourished (WAPA, 1996; 

Woolley, 1930). After dam closure the hypolimnetic water temperatures 

did not fluctuate with the seasons. This along with the poisoning of the 

fish population, altered the number of species surviving and permitted 

exotic new species to enter the habitat. Many of the native fishes are 

presently on the endangered species list. 

The riparian ecosystem had changed. The pre-dam vegetation was 

native and up-slope from the present ecozones. Cottonwoods rejuvenate 

by seeds falling on moist silty soils that have been recently deposited � 

seasonal floods. With the dam controlling the level of discharge, the 

opportunity for overbank flooding, deposit of fine sediments, and re­

supplying moisture to the soils were eliminated. The favorable habitat was 

eliminated for successful germination of the cottonwood seeds and 

proliferation of the saplings. Exotic vegetation, in this case tamarisk, was 

permitted to infiltrate into the riparian zones due to the lack of floods 

stripping emerging root suckers from the soils. This exotic has been 

stabilizing the banks and successfully competing with native vegetation. 

Major erosion due to river flow occurs with discharge as small as 

1,000 cfs. Channel banks have been eroded and entrained sediments have 

been deposited down stream. Pumps used to keep the marshes wet during 

nesting season have been damaged or made in-operable due to sediment 

build-up. Higher discharges have caused flooding of refuge roads and 

residence quarters even thoughthese structures were all built after the 

darn was closed. 
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There is strong advocacy position for conducting a controlled flood 

release from the Flaming Gorge Dam, on the Green River, much as the 

recent large discharge released from the Glen Canyon Dam on the 

Colorado River. The purpose of such a release would be; to scour the river 

bottom of sediments and re-deposit them along the banks and beaches, as 

had happened historically (Collier et al., 1997). One advocate, John C. 

Schmidt (1994), has stated that one needed to emphasize some river-based 

resources in an attempt to maximize selected environmental values. 

These selected values would be enhanced at the expense of not 

augmenting other values. Schmidt (1996, 1994) continued that discharges 

favorable to some values at a given site may not augment the same values 

atother river locations. 

The question is whether a similar controlled flood release should be 

conducted with information that is now available. Floods are an integral 

part of the natural equilibrium for the Green River. They are necessary for 

maintaining channels. The riparian ecosystem needs the replenishing of 

necessary sediments and nutrients for regeneration and flourishing. It 

seams likely that floods would deter exotic growth. Some (Collier et al., 

1997) believe that the environmental benefits outweigh any damage that 

might occur. 

Given the location of the Browns Park National Wildlife Refuge 

and the present amount of usable data, it is hard to unequivocally 

advocate a similar release. There are still many unknown variables. These 

include but are not exclusive to: (a) the morphology of the main stern 

channel bed; (b) the textural distribution of materials on channel bed; (c) 
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the origin of the channel bottom sediments; (d) the effects on exotic life; (e) 

effects on upstream banks and morphology, especially Little Browns Park; 

(f) effects of various discharge amounts and duration; (g) seasonal timing

of discharge; (h) long-term effects; and (i) costs. The implications on the 

wildlife refuge should be considered carefully. This is a major nesting area 

and sanctuary for many types of wildlife. Public usage and whether it 

would enhance or deter visitation should be considered. In addition, this 

is also prone to massive erosion. 

Until more comprehensive research and analysis are conducted, it 

seams inadvisable to implement, at this time, a controlled flood release. 

Although it seams likely that a controlled flood will be released from the 

dam, care should be taken to minimizing the uncertainties that exist 

surrounding the effects of such an action. It would be unfortunate to 

sacrifice valuable qualities to augment a few selected high interest aspects 

of this complex ecosystem. It would be hoped that as we attempt to 

augment one quality within an environment, the other qualities will not 

suffer. 
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Appendix A 

Study Area and Location of Study Sites 
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Appendix B 

Green River Historic Discharge Data 
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Appendix C 

Vermillion Creek Discharge Data 

62 



Cl) 

11:1 

.t: 
CJ 
1/) 

o... 
Cl) 
> 

i2 

Chart 12 

Vermillion Creek Discharge Data (station 09235490) 

70 �--------------------------------.-----------------

60 

50 

40 •· 

30 

20 

10 

0 

! -- water year day
I 

i -- riyer discharge (cfs)

- 1 17 33 49 65 81 97 113 129 145 161 177 193 209 225 241 257 273 289 305 321 337 353

Days (October 1, 1994-September 30, 1995) 

0\ 
w 



BIBLIOGRAPHY 

Andrews, E. D., 1986, Downstream Effects of Flaming Gorge Reservoir on 
the Green River, Colorado and Utah, Geological Society of America 
Bulletin, v. 97, p. 1012-1023. 

Andrews, E. D., and Nelson, J.M., 1989, Topographic Response of a Bar in 
the Green River, Utah to Variation in Discharge, in Ikeda, S., and 
Parker, G., eds., River Meandering, Water Resources Monograph, 
American Geophysical Union, Washington D. C., p. 464-485. 

Beus, S. S., 1984, Erosion and Deposition on Colorado River Beaches in 
Grand Canyon, Arizona, Resulting from the 1983 High Water "Spill", 
Abstracts with Programs--Geological Society of America, v. 16, n. 4, p. 
214. 

Collier, M. P., Webb, R. H., and Andrews, E. D., 1997, Experimental 
Flooding in Grand Canyon, Scientific American, January, p. 82-89. 

Collier, M., Webb, R. H., and Schmidt, J. C., 1996, Dams and Rivers: A 
Primer on the Downstream Effects of Dams, U.S. Geological Survey 
Circular 1126, p. 54-87. 

Department of the Army (DA), 1983, Fundamentals of Flight, Field 
Manual No. 1-203, Headquarters, Department of the Army, 
Washington, D. C., p. l~l-2~10. 

Easterbrook, D. J., 1993, Surface Processes and Landforms, Macmillan 
Publishing Co., New York, p. 118-131. 

Fenner, P., Brady, W., and Patton, D. R., 1985, Effects of Regulated Water 
Flows on Gegeneration of Fremont Cottonwood, Journal of Range 

Management, V. 38, p. 135-138. 

Graf, W. L., 1976, Landscape Change in the Canyons of the Green River, 
Utah and Colorado, Research Reports, National Geographic Society, 
V. 17, p.429-451.

Hansen, W.R., 1965, Geology of the Flaming Gorge Area, Utah-Colorado­
Wyoming, U. S. Geological Survey Professional Paper No. 490, p. 7-
187. 

64 



Harding, B., 1997, March 7, Browns Park National Wildlife Refuge, fax, 
Annual Narative Reports, 1967-1996, personal communication, 
Maybell, Colorado. 

__,J 1997, March 6, Browns Park National Wildlife Refuge, personal 
communication, Maybell, Colorado. 

__,J 1997, February 26, Browns Park National Wildlife Refuge, personal 
communication, Maybell, Colorado. 

__,J 1996, August 5, Browns Park National Wildlife Refuge, personal 
communication, Maybell, Colorado. 

Hayes, P. T., and Santos, E. S., 1972, River Runner's Guide to the Canyons 
of the Green and Colorado Rivers with Emphasis on Geologic 
Features, Powell Society Ltd., Denver, v.l, p. 10-19. 

Holden, P.H., 1991, Ghosts of the Green River: Impacts of the Green River 
Poisoning on the Management of Native Fishes, in Battle Against 
Extension, p. 43-54. 

LaGory, K. E., and Van Lonkhuyzen, R. A., 1995, Potential Effects of Four 
Flaming Gorge Dam Hydropower Operational Scenarios on Riparian 
Vegetation of the Green River, Utah and Colorado, ANL/EAD/TM-
10, Ecological Sciences Section, Environmental Assessment Division, 
Argonne National Laboratory, Argonne, Illinois, p.104. 

Lyons, J. K., 1991, Green River below Flaming Gorge Dam, 1952-1987, 
Proceedings -- Federal Inter-Agency Sedimentation conference; 
Proceedings of the Fifth Interagency Sedimentation Conference, p. 
14.9-14.16. 

Lyons, J. K., Pucherelli, and Clark, R. C., 1992, Sediment Transport and 
Channel Characteristics of a Sand-bed Portion of the Green River 
below Flaming Gorge Dam, Utah, U.S.A., Applied Sciences Branch, 

Bureau of Reclamation, Dept. of Interior, R-92-08, p. 22. 

_ ___, 1992, Sediment Transport and Channel Characteristics of a Sand­
bed Portion of the Green River below Flaming Gorge Dam, Utah, 
U.S.A., Regulated Rivers: Research and Management, v. 7, p. 219-232. 

Reeside, J.B., Jr., 1930, Descriptive Geology of the Green River Valley 
between Green River, Wyoming and Green River, Utah, U. S. 
Geological Survey Water-Supply Paper, p. 56-63. 

65 



Ritter, D. F., Kochel, R. C., and Miller, J. R., 1995, Process Geomorphology, 
Third Edition, Wm. C. Brown Publishers, Dubuque, IA p. 193-204. 

Ryan, T., (tom@ucsonl.uc.usbr.gov or tpryan@neptune.Colorado.EDU), 
(1997, March 7), Flaming Gorge Dam Discharge, E-mail to 
Gloria.Britton@wmich.edu. 

_ _, (tom@ucsonl.uc.usbr.gov or tpryan@neptune.Colorado.EDU), 
(1997, February 23), Flaming Gorge Dam Discharge, E-mail to 
Gloria.Britton@wmich.edu. 

-� (tom@ucsonl.uc.usbr.gov or tpryan@neptune.Colorado.EDU),
(1997, February 11), Flaming Gorge Dam Discharge, E-mail to 
Gloria.Britton@wmich.edu. 

Schmidt, J. C., 1996, March 1, Utah State University, personal 
communication, Logan, Utah. 

_ _, 1994, Environmental Management Challenges for Large 
Regulated Rivers of the Colorado, Abstracts with Programs, 
Geological Society of America, p. 62. 

_.J 1987, Geomorphology of Alluvial Sand Deposits, Colorado River, 
Grand Canyon National Park, Arizona, dissertation, John Hopkins 
University, Baltimore, p. 192 

Schmidt, J. C., Bonebrake, and Laarson, 1982, Response of Flaming Gorge 
Tailwater to Optimal Summer Reservoir release Temperatures 
Resulting form Penstock in Modification, in Proceedings of the 
Western Association of Fish and Wildlife Agencies and the Western 
Division, American Fisheries Society, p. 457-465. 

Smith, H. C., 1992, The Illustrated Guide to Aerodynamics, 2nd edition, 
Tab Books, Blue Ridge Summit, PA, p. 13-17. 

Snider, M.A., Havse, J. W., Hlohowskyj, I., and LaGory, K., 1994, 
Multispectral Airborne Videography Evaluates Environmental 
Impact, GIS World, v. 7, no. 6, p.50-52. 

Soil Survey for Moffat County, 1996, August 6, in progress, personal 
communication. 

_.J 1997, February 23, in progress, personal communication. 

66 



Thomas, H. E., 1952, Hydrologic Reconnaissance of the Green River in 
Utah and Colorado, Geological Survey Circular 129, p. 32. 

Thornes, J.B., 1994, Channel Processes, Evolution, and History, in
Abrahams, A. D., and Parsons, A. J., eds., Geomorphology of Desert 
Environments, Chapman & Hall, London, p. 289-317. 

USFWS, 1997, Browns Park National Wildlife Refuge, in Browns Park 
National Wildlife Refuge: U.S. Fish and Wildlife Service, 
http://www.r6.fws.gov/ wwwfws/ fefuges/browns/browns.htm [1997, 
January 18]. 

Western Area Power Administration (WAPA), 1996, Salt Lake City Area 
lntergrated Projects Electric Power Marketing Final Environmental 
Impact Statement (EIS), DOE/ EIS-0150. 

Woolley, R. R., 1930, The Green River and Its Utilization, U. S. Geological 
Survey Water-Supply Paper 618, p. 41-311. 

67 


	Changes in Channel Morphology and Flood-Plain Ecosystems of the Green River between the Flaming Gorge Dam, Utah and the Gates of Lodore, Colorado
	Recommended Citation

	tmp.1569527817.pdf.aMiAt

