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This study wil I investigate minimum streamflow and sediment transport
In the Yampa Canyon In northwestern Colorado The historic sediment load
wil I be analyzed for the period of record for the available gaging station
data A minimum streamfIow hydrograph for the Yampa fn Dinosaur National
Monument has been previously proposed by the National Park Service OBrien
1984 This study wil I examine that hydrograph and test possible
alternative minimum stream flow hydrographs These minimum streamflcw

hydrographs w i l l be evaluated for their effect on sediment supply to the

canyon and sediment transport through the canyon

The comprehensive goal of this project is to investigate the potential
for designing a minimum streamfl ow hydroggraaph that would preserve and

maintain the natural condi ti ons and processesvital to the bi of ogical system
of the Yampa River in Dinosaur National Monument This investigation would
rev few and ref ine previous work by the U S Geological Survey USGS

Elliott et al 1984 and the National Park Service NPS OBrien 1984

and would attempt to analyze adverse impacts on sediment transport from a

reduced or otherwise altered seasonal discharge

The scope of work to accompl ish this objective is outlined below in

four tasks

1 Analyze the sediment supply from the Little Snake and Yampa Rivers

upstream of Dinosaur National Monument for the period of record

from water years 1921 to 1984 Daily sediment load records are

avail able for approximately five years on the Little Snake 1959
1964 and twelve years on the Yampa 19521958 and 19761982

2 Review the sediment transport analysis by the USGS El I iott et

al 1984 at Deerlodge Park and the NPS OBrien 1984 at Mathers

Hof e a nd ev al uate the rel ati onsh i p between th i s data and the

upstream supply data at the USGS gaging stations

3 Determine the nature of the sediment load passing through Dinosaur
as measured at Mathers Hole over the period of record 19211984
and evaluate whether asediment eguil ibrium condition is being
maintained In the Monument

4 If sediment equilibrium has been maintained formulate a minimum

daily flow hydro rah over the period of record tAt approximatel y
maintains th s historic sediment equi brium at Mathers Hole

BACKGROUND I N FORMATION

The riverine environment of the Yampa River In Dinosaur National

Monument is created through a diverse blend of physical conditions and

processes These include the steep channel slope and coarse bed material In

the canyon and the water and sediment supply from two tributaries upstream
of the Monument boundary the Yampa and the Little Snake Rivers The two



tributaries have a confluence approximately five miles upstream of the
Monument and drain geologically different basins On an average the Yampa
River annually contributes approximately 72 percent of the water entering
Dinosaur at Deerl odge Park but only 23 percent of the annual average
sediment load Conversely the Little Snake carries 77 percent of the total
sediment load with only 28 percent of the average annual water volume
Table 1 that flows into the Yampa Canyon The average annual sediment

load for each river shown on Table 1 is computed by summing the daily
measured sediment loads from each gaging station for each water year See

OBrien 1984 for a more complete description of the watersheds and the

Yampa Canyon geomorphology

Physical attributes of the f ive mil a river reach downstream of the

conf I uence and upstream of the canyon in the Deerl odge Park area 1 ndi cate

that thl s al I uv lal reach of river 1 s sti 1 I very active The channel has

migrated nearl y 40 feet at the Deerl odge campground duri ng recent h i gh f I ow

years with substantial loss of bank on one side and channel bar growth and

attachment on the opposite shore Generally the channel is slightly
incised in this reach At the confluence of the two rivers channel shifting
and abandonment has occurred The growth and aggradation of the Little

Snake delta is the cause of this local channel migration This confluence

area and the Deerlodge Park reach wil I be sensitive to changes In the water

and sediment discharge ratio

The Deerl odge Park reach upstream of the canyon has a mild slope and an

al I uv ial bed of sand whereas the canyon channel is steep w ith a substrate

consisting primarily of cobbles boulders and bedrock In this alluvial

reach the r aver w 1 I I scour sand f rom the bed or deposi t sand on the bed

depending on its ability to transport the sediment sediment transport
capacity and quantity of sediment supplied fran the upstream tributaries

Essentially the sediment transport capacity of this reach constitutes the

sediment supply to the canyon As there are no similar major areas of sand

storage al I uv ial channel in the canyon upstream of Mathers Hole the

sediment load entering the canyon at Deerl odge Park Is sediment load that

has been transported through the canyon historically There are reaches in

the canyon however which respond to the sediment load with a scour and

f111 cycle reflecting the rising and fal I ing nature of the seasonal

by drogr aph

The unique nature of the Yampa Canyon channel morphology not only
supports important habitat for endangered species of fish USFWS 1982 but

also creates substrate conditions which are sensitive to variations in

sediment load The Colorado squawfish spawning areas in the laver Yampa
Canyon are cobble bar reaches which can be effected by sediment deposition
during flows with large sediment loads OBrien 1984 Although spawning
sites are mostly located in riffles areas not generally associated with

sediment deposition spawning does occur in the areas of adverse bed slope
which is upstream of riffles and just downstream of deep pool s These

areas are sensitive to sediment deposition It Is important therefore to

understand the nature of the sediment load in the cobble reaches of the

lower Yampa Canyon

The potential for water resource development In the upper basins of the

Little Snake and Yampa Rivers must be carefully evaluated because of the

complex Interdependence of the sediment load and water discharge In both
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Table 1 Historical Sediment Data

Yampa Maybell Little Snake Lilly

Water

Year Discharge
acrefeet

Sediment

Load

tonsyear

Annual

Discharge
acrefeet

Sediment

Load

tonsyear

1952 1447177 547740 727828
1953 829208 247886 268721
1954 522182 125025 178256
1955 772587 401893 233164
1956 1033298 397647 410900
1957 1781336 607486 507000
1958 882840 511717 425000

1960 1010000 300301 931650
1961 629300 162779 438142
1962 1492000 569128 3156957
1963 630200 203601 958285
1964 865200 318014 1221563

1976 826300 246508 382400

1978 731628 500450 507000
1979 660582 232540 417500
1980 645121 651042 557400
1981 279388 187247 248300
1982 692174 618903 570100

Averages 854140 407237 310765 1341319

L

Average is calculated only for those years with corresponding sediment loads

The Little Snake measured daily sediment load data is presented in

graphical form in Appendix D1

The Yampa River measured daily sediment load data only 2500 data

points is presented graphically in Appendix D2

The Little Snake and Yampa Rivers water discharge hydrographs for the

period from Oct 1 1959 to Sept 30 1964 are presented graphically
in Appendicies D3 and D4 respectively

The Little Snake measured sediment data is presented as a function of

time similar to a hydrograph in Appendix D5

A simulated Yampa sediment hydrograph for the same period 195964

is presented in Appendix D6

3



rivers Whi I e less sediment load Is beneficial to maintaining substrate

conditions for viable spawning an adequate sediment supply must be

maintained for beach replenishment and riparian vegetation In the canyon

Important to the canyon ecology is the relationship of endemic phreatophytes
wiI lows and cottonwoods and their confrontation with invading tamarisks

over available sandy beaches for seed germination The cottonwoods in the

riparian zone require moist sandy substrate during seed deposition and high
flows to scour years i ng growth of tamarisks The substrate must be

relatively free of al ten vegetation for cottonwood seed germination and

growth Further the beaches are important to the aesthetic and

recreational resource values In the canyon The interaction of all the

biological and physical processes occurring in the canyon require thorough
understanding before peak flows and annual water volumes are reduced in the

upstream tributary systems

The effect of reducing the discharge In the Little Snake w i l l be to

reduce the sediment load to the canyon Concomitantly reducing the water

supply In the Yampa River upstream of the confluence with the Little Snake

River will have the effect of limiting the rivers abil ity to transport the

sediment load In the canyon The possible options for water development
must be evaluated in terms of quantifying how the equi l ibr i um of the

hydrologic system is disrupted

To Initiate the project the daily flow discharge and sediment load

data base was reviewed this included reviewing data from the reports by the

NPS OBrien 1982 FI ug OBrien et al 1983 OBrien 1984 and the USGS

El I lott et al 1984 and reviewing the USGS gaging station data In

computer fit es It was discovered during this review that there were

missing data In the USG S da i I y f I ow records that the most recent years
exceedI ngly wet years had not yet been processed i nto the f II es and that

the sediment dl sch arge rel ati onsh i ps req ui red f urther evai uati on The

fol I ow i ng tasks were performed to remedy these probl ems

1 Seventytwo random bl ocks of el ght day da i I y L i ttl a Snake w ater

discharges were missing from the computer data base Most of

missing data were extracted from the pub fished USGS water supply
records in the library and added to computer files Several blocks

of missing data from the period 1928 to 1934 had to be obtained

from the Colorado State records as the USGS relinquished
responsibility for taking the Little Snake discharge measurements

during this period

2 The water years of 1983 and 1984 were added to the computer f i I es

completing the current published USGS database 64 years dating
from 1921 These years constitute very high vol ume water years
with 1983 the highest volume water year on record

3 Al I three databases USGS gaging station USGS El I iott data and

the NPS OBrien data had watersediment discharge regressed
relationships based loglog data transformation using a

mathematical I east squares best f it to the data This regression
method underestimates predicted sediment I oads and the
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underestimated v a I ue increases with the degree of scatter about the

rating curve and can reach as high as f ifty percent Ferguson
1986 The statistical regression model for the sediment load Qs
tonsday is

Qs a Qb 1

where a regression coefficient

b regression exponent
Q water discharge cfs

This model can be improved by applying an unbiased correction factor

C e265s2 2

n

where s2 E log Qs log Qs n2 3

i1 m c

and

Qs measured sediment load

m

Qs calculated sediment load predicted from eq 1

c

n number of data poi nts

The bias correction Is made by multiplying the regression coefficient a

by the correction factor C This simple correlation based on statistical

considerations removes most of the bias when the loglog rating plot Is

approximately linear with normally distributed scatter It improves the

accuracy of the sediment load estimate When the average of the measured

sediment I oad for al I three databases are compared w ith predicted val ues

further corrections can be made by adjusting the coefficient a

With updated and revised databases it was possible to determine a base

flow for both the Little Snake and Yampa Rivers separately The water year
was divided into a base flow period September 1 to February 28 and high
f I ow period March 1 to August 31 The mean flow for this f al I and winter

period for each river was determined using the entire period of record

This mean f I ow was designated as a base flow for this analysis

To analyze potential impacts of flow reduction in a method that retains

the shape of the seasonal hydrogr aph exceeda nce probability by drogr aph s

were developed The exceedance hydrographs were computed from the daily
discharge record for each river Yampa at Maybel I and L i ttl a Snake at L i l y

gaging stations based on Wiebul I probabil ity distribution An exceedance

probability hydrograph Implies that for the given percentage exceedance the

f low w i I I be equal to or greater than that corresponding discharge e g 75

percent exceedance probability means that three out of every four years the

f low w i I I be eq ua I to or greater than the indicated f I ow for that day To

determine a particular exceeda nce by drogr aph the daily flows for every day
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of the year In the historical record must be ranked according to the flow

magnitude from the lowest to the highest discharge A probabiI ity for that

day based on the total number of years Is then assigned to each discharge
Usi ng that probabi I Ity the fl cw that i s exceeded say 50 percent of the

time can be determined on a daily basis to calculate the 50 percent
exceedance hydrograph This was accompl i shed for 50 75 84 90 and 95

percent exceedance hydrographs for each river A 50 percent exceedance

hydrograph is equivalent to the median hydrograph for the flow period
Smal I er exceedance hydrographs are represented by the I anger exceedance

percentages 75 84 90 and 95 A 95 percent exceedance hydrograph is a

much smal i er hydrograph with substantial volume depletion Examples of

exceedance hydrographs are shown in Figure 1 The hydrographs in this

figure are based on lognormal exceedance probabilities which would generate
sl ightl y different hydrographs than a W iebul I distribution The hydrographs
shown In Figure 1 are very similar to those employed in this study

To expand sediment budget analysis to years without measured sediment

load data or to analyze various altered hydrographs the modified sediment

regression relationships were appl i ed to the given daily discharge to

predict daily sediment loads The computed sediment load associated with

each day was summed for each gaging station and Mathers Hole to determine

the mean annual sediment for each exceedance hydrograph An array of water

volumes and sediment loads was generated In this analysis the specified
exceedance hydrographs were analyzed as minimum streamflcw hydrographs with

the volumes of water in excess of minimum streamflow criteria assumed to be

withdrawn from the system and unavailable for sediment transport

Variations on the NPS minimum streamf low hydrograph were analyzed by
incorporating additional peak flows from the Yampa River MaybelI in excess

of the proposed NPS minimum streamfl cw hydrograph These peak flows were

added to the NPS minimum streamflow hydrograph in increasingly larger
percentages The Little Snake River peak flows were not altered In the NPS

minimum streamf I ow analyses For example discharges above 90 percent of

the actual peak f I cw in any year were added to the Yampa River flows In one

set of runs those f I ows above 75 percent of the actual peak were added In

another In this manner the effects of decreasing the number of high f I ow

discharge days In the Yampa River could be evaluated

The volume of the mean annual hydrograph of the Yampa River in Dinosaur

was increased from 1510000 AF to1540000 AF as a result of adding two

very high volume years 1983 and 1984 to the water discharge database

Table 2 Addi ti onal I y the mean f I ow for the per i od of September 1 to

February 28 was determined using the expanded database

Little Snake

Yampa
Combined

This compares with 367 cf s

These historic mean flows cor

period

98 cf s

297 c f s

395 cf s

combined mean f I ow in OBriens 1984 report
stitute the minimum base fIcw for the indicated
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Tat Ie 2 Historical Hydrograph Volumes

Water Annual Water Annual

Year Vol ume Year Vol ume

1921 1584567 1953 7 0043 8

1922 1838252 1954 1 0057 51
1923 1347465 1955 1443 543

1924 1408446 1956 2289240

1925 1691386 1957 1693288
1926 1887 604 1958 1 02997 8
1927 21 06 42 9 1959 1310152

1928 2902553 1960 7 921 12

1929 1359346 1961 206 07 38

1930 1265287 1962 833860

1931 2144967 1963 1 184427

1932 1599209 1964 1793325
1933 45 40 95 1965 1 008993
1934 1120021 1966 1253888
1935 1508971 1967 1622582
1936 1426 433 1968 1 508031

1937 1708732 1969 1869818

1938 1233386 1970 2112790
1939 1 106 5 80 1971 1266828

1940 1384672 1972 1751740
1941 164 9526 1973 1956125
1942 1244955 1974 1639329
1943 1241415 1975 1 207 03 4

1944 17 2281 9 1976 448427
1945 1179419 1977 1958202

1946 1777476 1978 1727802

1947 1466055 1979 18357 31
1948 1857 943 1980 80245 9

1949 13 93 951 1981 1 943124

1950 13107 03 1 982 2246 512

1951 2175005 1983 3103573
1952 1097929 1984 2192989

Average 1543543
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The original regression coefficients and exponents for the suspended
sediment I oad as determ Ined i n the 1984 NPS study are shown i n Tabi e 3 al ong
w ith the rev ised val ues based on the stati stica I correct 1 on The original
regression relationships were based on five years of USGS dally water and

sediment discharge data from the Little Snake gaging station at Lily twelve

years of USGS water and sediment discharge data from the Yampa River at

Maybel I fiftytwo water and sediment discharge measurements made at Mathers

Hole by the NPS OBrien 1984 in 1982 and 1983 and thirtythree water and

sediment discharge measurements at Deerlodge by the USGS El I Lott et al
1984 in 1983 The correction factor C is presented in the right hand

column This factor is a combination of the statistical bias correction

factor described in the Procedure Section and an additional modification to

reproduce the average val ue of the measured data for al I sampl i ng stations
The corrected coefficients and exponents shown In Table 3 were used in all

the sediment budget computations

Calculations of the annual sediment load based on the modified

regression relationships predicted identical annual loads for the Deer lodge
and Mathers sampling sites only 6 percent difference was determined This
conf arms the conclusions in OBriens report that the suspended sediment
load from the Deerlodge Park reach is being transported through the Yampa
Canyon The sediment load In Deerlodge Park Is limited by the rivers

transport capacity because this Is an al I uv ial reach of river The river

tries to transport as much sediment as possible but the sediment transport
Is constrained by the f I ow conditions The sediment load at Deerlodge
therefore constitutes the sediment supply to the canyon and Mathers Hole

The Mathers Hole site probably has greater transport capacity than Deerlodge

because of its steeper slope however the sediment load Is I imited by the
avai I abl a supply at Deerlodge There are no major sources of sediment in

the canyon therefore the river cannot transport any more suspended
jsediment load at Mathers than passes into the canyon from the Deerlodge Park
reach Mathers regression relationship predicts a sl ightl y greater load
than Deer I odge 6 percent greater so the Mathers relationship Is employed
in this analysis to compare with the load predicted from the upstream gaging
tation data at Maybell and Lily

Suspended sediment load data are used In the sediment budget analysis
because al I the sediment records for the Yampa at May bel I 12 years and the

L ittl a Snake at L 11 y 5 years consisted only of suspended I oad

j measurements The bed material in cobble bed reaches of the lower canyon is

coarse Its v iabi I ity as spawning substrate for the Colorado sq uaw f i sh Is

dependent upon keeping the cobble interstlcles free of sand and gravel size

sediment which is transported principally as bedload See OBrien 1984
for definitions of bedload bed material and suspended load Although the

bedl oad is critical to the maintenance of the sand free cobble substrate It

represents less than one percent of the total load The unmeasured sand

i load was estimated at two percent of the annual total load OBrien 1984

y This three percent bedl oad plus unmeasured sand load of the average annual
total load should be relatively constant over the period of record and its
variation can be ref I ected by the variation In the suspended load The

analysis of the suspended load data therefore shoul d be interpreted as

reflecting the total historic load in the system

The summati on of the Yampa Maybel I and L ittl a Snake L i I y predi cted

suspended sediment load was assumed to constitute the upstream sediment

9



Table 3 Suspended Sediment Regressed Relationships QS a Qb

L ittl a Snake

Yam pa

Mathers

Deerlodge

Or igi nal

a b

0330 135

000129 169

00855 139

0125 135

Correct ed

a b

0949 135

000254 169

0121 139

0166 135

Correction

Factor

C

288

1 97

142

133

Determined by USGS El I iott et al 1984
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supply to the Deerlodge Park reach and to the Yampa Canyon This combined

suspended sediment supply was compared to the predicted suspended sediment

load that could be transported capacity at Mathers Hole using the revised

regression relationships appl led to the daily discharges for the entire

period of record 64 years All the sediment discharge calculations were

made employ I ng the revised regression relationships in Table 3 The

summation of the upstream daily water discharges was assumed to equal the

dai I y discharge at Mathers Hole for that day The predicted difference

between the upstream sediment supply and the sediment transport capacity in

the canyon results in a surplus storage or deposition of sediment from

the canyon or scour the removal of sediment in the canyon It may be

more appropriate to state that a negative value indicates a potential to

scour

There are several important assumptions inherent In this analysis

1 The sediment regression relationship Table 3 used as a predictor
for the measured load Is only a function of discharge

2 The regression relationships used In this study w i I I reflect only
long term trends and not the short periods of severe overloading
The actual measured load e s pe c i a l l y for the Little Snake w i l l

greatly fluctuate diurnally and will display different regression
relationships for the rising and fal I ing I imbs as shown in

0 Br i en s 1984 report

3 There is some lag time between the arrival of the annual peak water

discharge and peak sediment load at Mathers Hole The daily loads

are additive and therefore this impact of lag time should be

negated in the long term analysis

4 The actual storage andor scour of sediment in the canyon is

subject to localized physical conditions and processes Sediment

often tends to move in waves Sediment transport deposition or

scour Is a function of numerous variables including slope and

sediment size distribution Sediment transport Is a selective

process according to size fraction and localized armoring of the

bed may inhibit further transport of the finer sediment sizes

These variables may cause sediment storage In a pool during a time

when the canyon Is experiencing general scour Sometimes sediment

being stored may Itself induce the local processes to increase or

decrease the sediment transport thereby changing the regression
rel ati onsh i ps The results should only be interpreted as

indicating a general or long term trend and not necessarily the

exact local conditions that would have occurred in the canyon based

on the computational criteria

5 The concept of scour negative storage in the canyon is a vague
one because once the fine sediment is removed from the bed and the

bed Is armored no further sediment can be removed These values

should indicate only a potential to scour
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The historical sediment budget Is shown In Table 4 This information

is summarized below for 1921 to 1984 water years

Average Annual Volume AF

Little Snake 428000

Yampa L 1 20000

Combined Rivers 1548000

Average Annual Sediment Load tons

Little Snake 2020000
Yampa 389000

Combined Rivers supply 2409000

Mathers capacity 2000

Difference supply capacity 119000

These values compare with Table 4 average values rounded off to three

significant digits

This represents an historic 5 percent difference compared to the sediment

load at Mathers Hole

The summary shows that the sediment transported through the canyon is

in approximate longterm equilibrium with the upstream supply an obvious

result considering the longterm adjustment of this river to the geologic
and cl imati c conditions OBrien 1984 and the essentially unregulated
nature of the f I ow s In the river system The 5 percent difference between

the upstream sediment supply and the load transported at Mathers Hole is

within the range of error in the discharge measurements made by OBrien

1984

The sl ight propensity for sediment storage revealed in Table 4 must be

analyzed by reviewing the historical sediment data for the Little Snake and

Yampa Rivers on which the predictive regression relationships are based

From Table 1 the sediment data was collected for years that on the average
were only 77 percent of mean vol ume for the Yampa and 73 percent for the

Little Snake Th i s data was col I ected on the average dur i ng dry per i ods

This is difficult to interpret because In Table 1 It Is noted that the

measured sediment load in the wet years was from 5 to 8 times the measured

sediment load In the drier years These dr i er years may have hel ped produce
more sediment I oad In the wet years More sediment data Is necessary to

concl ude that the system Is aggradi ng or degrading over the I ong term and

the best interpretation Is that barring any dramatic ci imate changes
relative eq u i I i br i um has been established

Exceedance f lows for a range of probabi l iti es were cal cul ated as

discussed in the Procedure and are presented In Appendix A These

exceedance hydrographs were input as minimum streamflow hydrographs together

12
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with base flows of 98 cfs for the Little Snake and 297 cfs for the Yampa
into the same sediment budget program which produced the historical data in

Tabl a 4 The summary resul is are shown in Tabl e 5 and al I the resul is are

presented in Appendix B

The exceedance hydrographs for each tributary are evaluated one at time

with the prescribed base flow base flow or exceedance discharge whichever

is greater is used for that daily discharge and these constitute the

minimum streamflow hydrograph In this analysis A comparison is made

between the minimum streamflow hydrograph and the historic discharge on a

daily basis for each year on record and the smal I er val ue is used In the

analysis This comparison Is made for the discharge at Mathers Hole the

combined flow for the Little Snake and Yampa Rivers The sediment load

predictions are then performed based on the f anal discharge val ues at

Maybel I Lily and Mathers Hol e

The sediment budget array in Table 5 demonstrates that a sediment

balance or equi I ibrium in the canyon w it I only be maintained if the

streamf I ow s in each tributary are reduced by equal proportions This table
also shows that if the Little Snake River flow remains essential ly
undepleted the flows in the Yampa should not be reduced if the sediment

equilibrium is to be maintained Within the range of error in the

measurements and the error introduced In this analysis some minor depletion
of the Yampa River as discussed later would not adversely effect the system

To progress further with the sediment budget analysis the NPS minimum

streamflow hydrograph OBrien 1984 is tested assuming that the flows in

the Little Snake River are depleted according to criteria derived from Table
4 of the USFWS Stagecoach Biological Opinion 1986 This criteria

postulates monthly target flows for wet dry and average years and results

in a minor depletion of the average annual volume of the Little Snake of

29000 AF 6 percent The concepts of a dry or drought year and a wet year
in the hydrologic record of a given river Is subject to interpretation To

quantify these delineations for application of the FWS flow targets for the

Little Snake the annual volume for the period of record was statistically
analyzed for the combined f lows of the Yampa and Little Snake Rivers Based

on the statistics flows were divided into three categories using onehalf
the standard deviation to identify wet average and dry years

Wet Years 18 1800000 AF

Average Years 25 1300000 AF Volume 1800000 AF

Dry Years 21 1300000 AF

Af ter the minor depletions are subtracted from the Little Snake

historic flows a comparison of the NPS minimum streamfIow with an

alternative 340 cfs base flow and historic flaw is made on a daily basis

and whichever discharge is less is assigned as the minimum hydrograph for

Mathers Hole If this Mathers Hole minimum hydrograph is less than the

historic hydrograph the difference is charged as a depletion from the Yampa
river at Maybel I subject to a 297 cfs base flow at Maybel I
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TabI a 5 Exceedance Hydrograph Array of Water Volume AF and Sediment Budget

Annual Flow Vol umes AF

Little Snake Exceedance FI cws

Yampa
Exceedance Percent Historic

Fl ows Probability FI ows 50 75 84 90 95

Percent Volume

Probability AF 428406 299723 219895 182159 157 997 122284

50 853349 1281756 1153072 1073244 1035508 1011347 975633
75 6746 1108052 979369 899541 861805 837643 801930
84 586555 1014962 886278 806451 768715 744553 708839
90 510186 938593 804409 730081 692345 688183 632470
95 414443 842849 714166 634338 596602 572440 536727

Sediment Budget tons

50 853349 524899 37231 323875 437755 504844 593580
75 679646 782856 202697 97407 217214 287918 381647
84 586555 917005 328178 20669 102928 175906 272916
90 510186 1028063 432320 118434 8496 83635 183919
95 414443 1165565 561049 238961 107556 29472 75913

DIscharge equals or exceeds this hydrograph of daily discharges a given percentage
of time The historic hydrograph or the exceedance discharge whichever Is less Is
used In this analysis together with the base flows prescribed In Appendix A
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Table 6 shows the Impacts of so reducing f laws In the Yampa River on

the sediment balance in the Yampa Canyon The initial trial indicates that

the sediment budget i s excel I ent empl oy i ng the h i stor i c f I ow s of the Yampa
and the slight depletions from the Little Snake The remainder of the tests

employ the NPS minimum streamflow hydrograph or an altered form of it for
the daily discharges In all cases the reductions in daily flow are

considered as depletions from the Yampa River The second test in Table 6
with the NPS minimum streamflow hydrograph represents a storage of sediment

In the canyon of approximately 38 percent of the sediment load predicted at

Mathers Hole

To restore some of the sediment balance to the analysis where the NPS

minimum streamflow is used flows greater than 95 percent of actual peak for
each year of record are added to the hydrograph These higher flows are

added to the hydrograph by increasing only the Yampa River Maybe I

discharge Subsequent tests 57 are performed adding more of the peak
flows until flows greater than 50 percent of peak f I ow for that year are

Included in the hydrograph This results In a sediment budget in which the

sediment storage In the canyon Is only 9 percent of the sediment load at

Mathers Adding peak flow days to the minimum streamflow hydrograph has the

advantage of keep ng the cobbl a bed mobs I e w ith bankf ul I di scharges This

physical process is important to keeping the channel morphology active and

the cobble bed conditions Ideal for Colorado squawfish spawning OBrien
1984

Table 7 is similar in concept to Table 6 except that the minimum

streamf I ow hydrograph is altered to attempt to deplete additional water from

the Yampa and sti I I maintain the sediment balance Th I s is accomplished by
decreasing the minimum streamflow hydrograph on the rising and recession
I imbs and increasing the number of peak f I ow days Al I the computer runs

involving flow reductions in the Yampa are displayed in Appendix C in

these tests minimum base flow for the Yampa at Maybel I is 297 cfs or the

historic flow whichever is less The minimum streamfIow hydrographs for

the runs In Table 7 are presented and compared with the NPS minimum

streamfl ow hydrograph in Table 8 These depl eti ons from the Yampa River are

made when the historical water discharge has been above the minimum

streamf I ow and peak f I ow criteria No assumptions are made on haw the water

may be allocated or at what rate it may be consumptively used

The minimum streamflow hydrograph is reduced in runs 1 through 3 in

Table 7 while the peak f I ow criteria Is reduced from 50 percent to 35

percent increasing the number of high flow days and discharge in the

analysis In the remaining runs 4 through 7 only the peak flow criteria is

changed from 35 percent to 20 percent Increasing the number of peak f I ow

days results in a computed hydrograph that is closer to the historic flow

condition When the peak f I ow cr 1 ter i a i s 35 percent or I ess reduc i ng the

m i nimum streamf I ow hydrograph has I ittl a of fect on the amount of f I ow

depletion from the Yampa or the sediment budget Increasing the number of

high f I ow days with discharges In excess of 35 percent of the peak f I ow has

the result of negating most of the minimum streamflow hydrograph Enough
high flow days are incorporated in the analysis to override the minimum

streamflow criteria greater than 1260 cfs The same minimum streamfIow

hydrograph is used for runs 4 through 7 in Table 7
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Table 6 Effects of Flow Reduction on the Sediment Budget in Yampa Canyon

Little Snake Average Annual Flow
6 percent reduction of Hi stor i

Yampa River Flows FI cw Available
for Depletion

In Yampa
AF

399000 AF

c Flows

Sediment Storage
Percentage of Sediment

Load at Mathers Hole

1 Historic Flows 1120000 AF 0

2 NPS Minimum Streamflow

Hydrograph 774000 AF 346000 380

3 NPS Minimum Streamflow

Hydrograph Plus Historic Flows

95 of Peak FI cw s 816000 AF 300000 270

4 NPS Minimum Streamflcw

Hydrograph Plus Historic Flows

90 of Peak FI cws 833000 AF 282000 240

5 NPS Minimum Streamf I cw

Hydrograph Plus Historic Flows

75 of Peak FI cws 885000 AF 230000 170

6 NPS Minimum Streamfl ow

Hydrograph Plus Historic Flows
50 of Peak Flows 963000 AF 152000 90
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Tabl e 7 Effects of Flow Reduction on Sediment Budget In the Yampa Canyon
using a Reduced Minimum Streamfl ow Hydrograph

Little Snake Average Annual Flow 399000 AF

Yampa River Flows Flow Available Sediment Storage
for Depletion Percentage of Sediment

in Yampa Load at Mathers Hole

AF

1 Q50 of Peak Flows Plus

Reduced MSH 943000 AF 172000 110

2 Q45 of Peak Flows

Reduced MSH 948000 AF 168000 105

3 Q40 of Peak Flows

Reduced MSH 955000 AF 160138 99

4 Q35 of Peak Flows
Reduced MSH 967000 AF 148000 89

5 Q30 of Peak Flows
Reduced MSH 993000 AF 123000 71

6 Q25 of Peak Flows

Reduced MSH 1017000 AF 98000 55

7 Q20 of Peak Flows

Reduced MSH 1039000 AF 77000 43

MSH minimum streamflow hydrograph
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Table 8 NPS Minimum Stream Flow Hydrograph Compared with Those Applied in

Table 7

NPS Run 1 Run 2 Run 3 Runs 47

Aug 16 Mar 21 367 340 340 340 340

Mar 22 Mar 28 1500 340 340 340 340

Mar 29 Mar 31 2000 340 340 340 340

April 1 April 11 2000 1000 750 750 750

April 12 April 18 2000 1000 1000 1000 1000

April 19 April 25 4000 2000 2000 2000 2000

April 26 May 2 5000 4000 4000 4000 3000

May 3 May 9 5000 5000 5000 5000 5000

May 10 May 23 8500 7500 7500 7500 7500

May 24 June 6 11500 11500 11500 11500 11500

June 7 June 13 11500 11500 11500 7500 9000

June 14 June 20 11500 11500 7500 3500 5000

June 21 June 27 9000 9000 5000 3500 2500

June 28 June 30 6500 6500 5000 3500 2500

July 1 July 4 6500 1260 1260 1260 1260

July 5 July 11 3500 1260 1260 1260 1260

July 12 July 18 700 1260 1260 1260 1260

July 18 July 31 700 1260 1260 1260 1260

Aug 1 Aug 15 700 340 340 340 340
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When the minimum streamfiow hydrograph criteria is combined with

discharges In excess of 20 percent of the peak f I ow for that year a

sediment balance results that exceeds the sediment load that could be

transported at Mathers Hole by only 4 percent The average annual depletion
from the Yampa Maybe I is 77000 AF for this run Within the accuracy of
this analysis it would probably be feasible to deplete up to 100000 AF from
the Yampa River on an average annual basis Larger depletions from the

Yampa without equivalent depletions from the Little Snake would probably
result In some sediment storage In the canyon over the long term It should
be noted that including a percentage of the peak flows in the minimum
streamfiow hydrograph is sufficient for this type of analysis of historical

flows but would not be easily administered for future water resource

management An acceptable method would be to identify the upcoming wet dry
or average year and assign a peak flow condition that would repl icate the

f orementi oned flow criteria

The Yampa River channel in Dinosaur National Monument exists In a

tenuous morphological balance between the bed material channel sI oQe and

the water discharge and sediment it conveys This equilibrium exists

because the I arge sediment I oad carried by the L ittl a Snake I s assi sted i n

transport through the canyon by the larger discharges flowing In the Yampa
River The steep slope Is the key physical attribute which insures sediment

transport in the canyon under historic flow conditions Reductions in the

streamf low as a consequence of water regulation with upstream water

management storage or diversion will have an impact on the riverine
environment In the Yampa Canyon From the results presented In this study
sediment storage w i l l occur i n the Yampa Canyon L the average annua I

depl eti on from the Yampa River exceeds 10000 AFwhi l e thellttleSnake
remains essentially unO minished The effect of this storage may imF die
w i ab I Iity critica ha of the endangered fish species which use the

cobble bed reaches of the canyon for spawning

cormI ete water and sediment routing investigation of each reach The Yampa
Riverhas adjusted to basin conditions to be able to transport the sediment

yield from the watershed Both too little and too much sediment load in the

canyon is construed as a negative impact when It varies from historic
nditlons

This report clearly demonstrates concepts that previously had only been

Inferred The sediment load investigation reveals some of the consequences
and long term impacts of f I ow depletion from the Little Snake and Yampa
Rivers To definitively address site specific im acts would require a
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