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ABSTRACT

The Colorado Division of Highways plans to build

I 70 through DeBeque Canyon near Grand Yunct ion l pre

liminary alignment has been proposed The Hydraulics

Unit was requested by Dis t ict III to estimate a design
flood set maximum permissible encroachments and re

conunend the necessary st abilization for the Colorado

River through the canyon

It was decided tha a 50 y lar frequency flood would

be used for design The design discharge was obtained

from analysis of stream gaging si ation records Excevt

for gage 9 0725 the x ecords were genera lly for two

periOds of time The first period was in the early part

of the century when diver d ons tad little effect on peak

discharges and the second 1 vasnore recently hen controls

and diversions had some efh ct n peak discharges Gage

9 072 3 with records for bC i h p riods of time showed a

33 reduction in the 50 year flood calculated for years

1934 1966 as compared to the 50 year flood calculated

for the years 1900 1933

hree additional gages in the basin were found that

had enough years of record 1 0 include both time periods and

were not affected by controls or diversions There

appeared to be an 8 drop in the statistical 50 year flood

computed for the two time periods It was assumed that

i



Gage 9 0725 would have experienced an equal WI drop in

the 50 year flood without controls That left a 25

reduc tion due to controls and diversions he 50 year

flood was computed before controls and diversions and

then reduced 25 to give il design discharge of 41 000

cfs
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INTRODUCTION

The west end of DeB que Canyon is approximat ely 20

miles northeast of Grand Junction where present highw ay

I 70 construction has tempcn arily ended From this

point the canyon continues in a northeast direction for

about 10 miles then widens out into a broad valley near

the town of
DeBeqUEo

The canyon is generally meandering

with one bend that appears 1 0 nE arly form an oxbow A

tunnel is proposed at this 10ca1 ion The canyon walls

consist of steep talus slopes and vertical rock faces

In 1958 a portion of the east wall failed and covered

US Highway 6 and 40 The scar is quite visible on

aerial photos and from the
roadway

As in several reaches a lonq l he Colorado River

DeBeque Canyon must accommoo ate The Denver and Rio

Grande Western Railroad thE Colorado River at flood

stage and the proposed foux lanes o E Intersta1 e
hiqh

way Because of the limited width of the canyon it

is necessary for the highway designer to carefully

consider the minimum roadway profile along the river

as well as maximum encroa chrnent It is important that

neither the railroad nor the highway is damaged by a

nominal flood
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The portion of the Colorado River that the

Hydraulics Unit studied Eor t his report started at

the Grand Valley Diversion Dam and continued ups1xearn

for 10 miles Wi thin this reach there are four pro

posed bridge crossings The loca tions are shown on

figure 1

The object of this report is to es limate a aesign

discharge which will be used to set channel encroachment s

minimum roadway profile protection requirements and

study the effects on sid drain ge Considering Depart

ment policy and the ini tial cost compared to the cost of

repair or replacement th 0 year flood tlas considered to

give a balanced design
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MAP OF STUDY REACH
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DRAINAGE BASIN

The headwaters of the Colorado Hiver ori9inate alon9

the Continental Divide hi9h in the Colorado Rocky MountainG

Many of the mountain peaks tower 1 OV8 14 000 feet From

Rocky Mountain National Park on I be north to Independence

Pass on the south snow fed treams collect and flow in

a southwesterly direction toward Grand Juncticm then into

Utah

The upper reaches are alpine areas with large st ands

of pine and fir timber on st eep J cky slopes Some of the

area is above timberline whe n tundra ba ren rock and

occasional snowdrifts
prevail

hi lower levat ions

sparcely scattered pinon trees cover the rolling hills

rhe land is semi arrid with prairiE grass and sage bnsh

covering the areas between the pinon tands

There are no major drainageG t11o t discharqe into the

Colorado River in DeBeque C myon lherefore one d1 a llJaCje

area and one design discharg c wa considered adequatE

for the entire st udy reach 1 he drainage area of 8 050

square miles for gage 9 0955 was used for the study reach

Some of major inflowing streams above DeBeque Canyon are

the Roaring Fork Eagle Pin y Blue Williams F01 k and

Fraser Rivers The boundari1os of the drainage baBin aTe

shown on figure 2
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PRECIPIIlTION

he precipitation i11 the drainage basin ranges from

lO inches to 50 inches annually The hiqher elevations

x eceive the greater amounts in 11K form of 1 intelc snow

fall This is orographic precipitat ion which reslll b

from mechanical lifting o1f 1110isbll e inflowing from the

western coast against the N8steul slope of the Rocky

Mountains The Rockies are the tirst major moislure

barrier after the Cascades The orographic effec l does

not occur at the lower elevat ionE which esul1s in 1 ess

precipitation for these areas

The 6 hour 50 year rrecipitatJ on is
1

6 inches 1t

DeBeque Canyon and 1 2 incJw iL the higher mount ains

Local summer thund rstorJlls can te very intens s but of

short duration alonq the river c aTyons Sununer i hunC er

storms in the high elevat ion i an srenerally of medium teo

light intensity he Ileat her Bm eau precipitation CjaJes

at Glenwood Sprin s Aspen and qlSE C show the 9red tell

precipi tation occuring during the first four months of

the year with a gradual decrease thru the end of the

year
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Fut ure precipi tation amouni s may be increased 59

to 15 by weather modificat ion as indicated by pa trick

Hurley 1 in the months from NOVE mber through April ai

elevations above 9 500 feet The winter seaSOIl along

with high elevations help insure freezinC temperatuJ es

which are necessary fOl snDwflako c to form around silver

iodide particles rhe inc cease i n snow pack will il1c rE aSE

the probability of rai iJlg I he c e1k runoff Colurado

State University ha bee onduc I i ng tests at Cl max

Colorado but extensive ed l her modification has not

started
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FACTORS INFLUENCING RUNOFF

There is a wide range of hydrological conditions

influencing runoff in the Upper Colorado River Basin

The upper reaches are in the mount ains where heavy

forest cover retards rainfall runoff In the lower

portion of the basin there are areas of open pasture

and rangeland where rainfaLL runs off rapidly The

highest peak runoff can result when a spring rain storm

falls on snowpack The ground is still partially frozen

so the water cannot infiltrate plus the rain melts some

of the snow to give a combined runoff Normally the

magnitude of the peak flow depends only on the amount of

snowfall and the spring 1 hawing 1 empera1 ures

Since 1937 eight reservoiJ s have been built in the

Upper Colorado River Basin None were built for flood

control but they have affect ed peak runoff through normal

operation In general the operators draw down the pool

level enough to hold the volume of spring runoff as pre

dicted by the winter snow surveys Limiting drawdown

factors in specific cases are minimum pool level for

hydroelectric operation allowable pool level fluctua1 ion

and wa1 er right requirements 1 he eight reservoirs are



Reservoir Stream

Williams Fork

Green Mountain

Shadow Mtn Granby
Willow Creek

Dillon
Rifle Gap
Homest ake

Ruedi

Williams Fork

Blue

Upper Colorado

willow Creek

Blue

Rifle
Eagle
Frying Pan

D A

Sq Mi

234

600

322
134

129
140

59

240

Usable 2

Storage
AC FT

94 000
147 000

471 000
9 000

NA

11 000
44 000

100 000

Year Reservoirs Began St orag

9

Year

1937
1942

1949

1953

1963

1967

1968

1968

Present ly there are 23 diversion tunnels and major

ditches in the Upper Colorado River Basin above DeBeque

The first diversion was the Grand River Ditch constructed

in 1892 3 Some of the bet1 er known diversions are the

Moffat Tunnel finished in 1936 and the Harold D Roberts

Tunnel finished in 1963 It is Our opinion that these

diversions affect total mnllal volume of runoff l ather

than the peak runoff

U S G S Hydrologist Clifford Jenkins has stated

that rainfall could grea ly infl hmce the pE ak fJows on

the Colorado River at Grand J unciion rbere is enough

drainage area between Gr nd Junct ion and the high areas

that a rain storm could produce a higher peak flow than

the snow melt peak flow It is possible that as mOre

controls are built to store snow me1t runoff mOI e

of the runoff peaks will result hom rainfall
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The Flood Control Work Group of the Upper Colorado

Region S tate Federal Interlc ency GOUP has proposed Una

ReservoLe 4 between Rifle and DeBeque on the Colorado

River If this flood contoro L deU is built the flood

si tuation would change belu i the dam The l ime schedule

proposes that the project vii Ll be c omplE ted before 118

year 2000 See figure 3 fen th 3 ervoirs a1O cJ verSlon

tunnels wi thin thE drai naq cc l si d
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FLOOD RECORDS

Two documented floods cf lEi and 1884 an repo cted

in Water Supply papeE2 1 5 TC1 1853 flood was rE

ported in George H Heap sjouxn on his trip from

Westport to California He epocted the Colorado Ril r

nE ar the confluence with tr Gur i son River was 1I1ad n

with uprooted trees
If

This DCCt only durin T major

floods
The 1884 flood s r l 1W t mark flas located at

Frui ta by the Weather Bure3 O h 1 917 the Geologica

Survey ran levels across the flooc ed area By extending

the ra1 ing curve of the lHca cby F 1 ita gage 9 130 3

peak discharge of 125 000 CfH was determined

The Colorado River has been q lqE d Eiince 1900 he

Colorado River has bett e gdq records than any majol

river in Colorado Five pr lcJpJl qages ere chosen for

this st udy because of the Le COX 3 Ly to Lhe cudy area

rrhe flood records were obta i i l J rOTL the USGS IIWa ter

upply P per 168 61 d U
I to CI d L t f com the JSG va tE r

Resources Data for
7

C lo acio 1i I I T he fivE principal

qages used were

D A
GAGE NO RIVER UJCNlION YEARS RECORD

SQ II
9 072 Colorado Glenwond SP Js 1900 1966 4 60

9 0955 Colorado Cameo 1934 1970 8 050

9 1060 Colorado Palisa E
19021933 8 790

9 1530 Colorado F cuitc 1908 1923 17 100

9 1635 Colorado Co10 Utah 1951 1970 17 900
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since 1937 these qageo have lEm affected by

diversions and reservoirs To estirrBte what the runoff

lOuld have been on the CoJolaclo F ver wil hout cont roIs

i hree other qages were t1JdLCC 1ese gages were pex a

ting about the same period as tnc fi principal gages

1 he three gages within jehe udY cd ch drainage baS HL

not affected by cono ols or diveJ C l l w re

GAGE NO RIVER 100C1 IIm YEAR RECORD
D iI

S9 j 1

9 0470 Blue Di l on 9U1960 J 20

9 0630 Eagle Red C Ei 19111925

1940 J970
72

9 0850 Roaring Fork Glerrv od S tr l 1906 1970 1 I 50

1he locations of the eJ 11 t C 1 j n 3 station arEjj1 cwn

on figure 4
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DESIGN DISCHARGES BY OTHERS

Mr Fred Barbell of the Buneau of Reclamation Flood

Study Group said via telephone that in 1964 they used a

50 year flood of 44 000 cfs and a 100 year flood of 48 000

cfs for the design of a pumpinq plant at Silt In 1970

at Grand Valley Palisades johey u 3ed a 50 year flood of

56 000 cfs and a 100 year flood of 63 000 cfs Mr Bartel

said that the gage records linc 949 were adiusted to

account for the effect that ret ention and diversion had on

l he peak flow in the Colorado River

The USGS Water Supply Par Y 1683 6 Figure 19

page 16 under Special Appl icat ior gave a 50 year flood of

51 000 cfs through DeBeque Canyon rhis paper contdns

records through 1962 therefore dxs not include the effect

of recent dams Homesta ke ElfJ i Gap and Rued dams have

been built since then
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ANALYSIS OF GAGING Tl TION RECORDS

Gaging station records were llsed in the analysio to

predict the design discharge Eor DeBeque Canyor The Log

Pearson Type III procedure was used bJ determine the re

currence interval curve for each o tat ion ThE observE d

N J
discharges were plotted usLnq tl vt recurrence int eJ val

along with the Log Pearson Type III
curveSee figures 7

thru 11 in the appendix

Two periods of time were studied records before and

after 1934 The year 1934 was piCked for two reasons

One that was about the time tene first re cention structure

Williams Fork Reservoir wa 3 builtSecondly that year

was the approximate time the ce wa s a break in the principal

gaging station records Gage 9 1060 records stopped in

1933 and gage 9 0955 records start2d in 1934

Gage 9 0725 at Glenwoo Sprj Iq lS the only qage on the

Colorado River near Iohe study ce that had many years of

records in both periOds of tin 34 years before 1934 and

33 years after 1933 There was d difference of 11 500 cfs

33 between the 50 year floods calculated for the two time

periods See figure 7 in tne dPFendix for the recurrence

interval plot A graph of thE peilk fLows for gage 9 0725

figure 12 readily illustrates a trend of lower annual peak

flo8 in recent year3

The two periods of gage records ere plot led in figure

5 to form a Dischar9t vs Drainage Area Curve A straight
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line was drawn through the poinb3 of each time period
Ihe discharge relationship from the records after 1934 is

parallel but one third lower than the discharge before 1934

Gages 9 0470 9 0630 and 9 0850 were analyzed to see

if the areas without cont 01s showed a similar decrease

Again the same time periods before and after 1934 were used

to study possible change in the calculated 50 year discharCJes

See Annual Peak Flow graphs figUl es 17 thru 19 in the appendix
The resul ts of the compari son were

Q

BEFORE T9J2r l F I j R 19 f4GAGE NO

9 0470

9 0630

9 0850

REDUCTION

1 450 cfs 985 cfs 32

1 120

17 990

BOS 28

16 700 7 s

These gaging st ations represent about one ifth of

the drainage area above DeBeque Canyon The most si rnifi
cant gaqe is 9 0850 at G1enwcod Spr c ngs because it is the

largest drainage area of the threo gages not affected by

controls and diversions U ing to IC drainage area as a basis

to proport ion the reduction I he Jaqes have an averaqe

reduction of 8 in the peak f ews

It i logical to attribui s L1io reduction 1 0

clLnatologi
cal change Therefore the 1 re Juct ion of the 50 YbH flood

as calculated from the Colorado River gaging s1 ations is not

ent irel1 from diversions and contccols At leas l 8 can be

attributed to olimatological change rhus diversions and

controls account for a 25 reduct ion in the 50 year flood

In our opinion however tlle preserct controls and diversions

would have less influence on a hiqti frequency 100 year or
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greater flood than a low frequency 2 tO 5 year flood

A complicated model basin st udy would be required to relate

the effect of diversion and cont rols on a parLLcular fre

quency flood For lack of more lata the 2 reduct Lon of

floods due to controls was applied to the 50 year flood

frequency The small difference in final design discharge

would not warrant a more detailed Sbldy

The period of records before 1934 are relatively un

affected by diversions or controls Using this as a base

for unaffected flood peaks a 25 reduction was made from

the Discharge vs Drainage Area Curve figure 5 to predict

the 50 year flood This dis chargc read from 1igure is

54 000 cfs Therefore the c O year design flood for DeBeque

Canyon would be 25 less than 54 C OO cfs or 41 000 cfs

A design recurrence interval c urve figurE 6 WiiS COD

st ructed using figures 12 tinl The design mean annual

flow is 22 000 cfs

The flood records llsee u a Jysi s did not reflect an

reducti on that the most l ecent D crloi1 s may have on pee k

discharges By the same tO le itlJe1 was increased rune fr

due to weather modificatior incl 6 d Since both of these

factors are difficult to prea ct and could be cffsettlng

they were neglected in l he final analysis
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CONCLUSION

The peak discharges recorded by the 9aging stations

along the Colorado River show a downward trend durinCj the

past 30 years Several rese voir and diversions i hat

affect peak flow have been built durlng this time ped ocL

Their effect was estimated bv analvzin9 gaginCj station re

cords of tributaries unaffec ed controlSm The period

before 1934 was considered unaffc eLed by controls rrhis

base period
I
s 50 year flood was reduced by 2 to arr ive

at the design 50 year flood of 4 J 00 cfs for eBeque Canyon
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RECURRENCE INTERVAL CURVE
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RECURRENCE INTERVAL CURVE

GAGE g 635
COLORADO RIVER AT STATE LINE
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DESIGN DISCHARGES BY OTHERS

Mr Fred Bartel of the Bureau of Reclamation Flood

Study Group said via telephone that in 1964 they used a

50 year flood of 44 000 cfs and a 100 year flood of 48 000

cfs for the design of a pumping plant at Silt In 1970

at Grand Valley Palisades they used a 50 year flood of

56 000 cfs and a 100 year flood of 63 000 cfs Mr Bartel

said that the gage records since 1949 were adjusted to

account for the effect that retention and diversion had on

the peak flow in the Colorado River

The USGS Water Supply Paper 1683 6 Figure 19

page 16 under Special Application gave a 50 year flood of

51 000 cfs through DeBeque Canyon This paper contains

records through 1962 therefore does not include the effect

of recent dams Homestake Rifle Gap and Ruedi dams have

been built since then
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ANALYSIS OF GAGING STATION RECORDS

Gaging station records were used in the analysis to

predict the design discharge for DeBeque Canyon The Log

Pearson Type III procedure was used to determine the re

currence interval curve for each station The observed

d l
N l

lscharges were potted uSlng the recurrence interval

along with the Log Pearson Type III curve See figures 7

thru 11 in the appendix

Two periods of time were studied records before and

after 1934 The year 1934 was picked for two reasons

One that was about the time the first retention structure

Williams Fork Reservoir was built Secondly that year

was the approximate time there was a break in the principal

gaging station records Gage 9 1060 records stopped in

1933 and gage 9 0955 records started in 1934

Gage 9 0725 at G1enwood Springs is the only gage on the

Colorado River near the study reach that had many years of

records in both periods of time 34 years before 1934 and

33 years after 1933 There was a difference of 11 500 cfs

33 between the 50 year floods calculated for the two time

periods See figure 7 in the appendix for the recurrence

interval plot A graph of the peak flows for gage 9 0725

figure 12 readily illustrates a trend of lower annual peak

flows in recent years

The two periods of gage records were plotted in figure

5 to form a Discharge vs Drainage Area Curve A straight
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line was drawn through the points of each time period

The discharge relationship from the records after 1934 is

parallel but one third lower than the discharge before 1934

Gages 9 0470 9 0630 and 9 0850 were analyzed to see

if the areas without controls showed a similar decrease

Again the same time periods before and after 1934 were used

to study possible change in the calculated 50 year discharges

See Annual Peak Flow graphs figures 17 thru 19 in the appendix

The results of the comparison were

Q50
GAGE NO BEFORE 1934 AFTER 1934 REDUCTION

9 0470 1 450 cfs 985 cfs 32

9 0630 1 120 805 28

9 0850 17 990 16 700 7

These gaging stations represent about one fifth of

the drainage area above DeBeque Canyon The most signifi

cant gage is 9 0850 at Glenwood Springs because it is the

largest drainage area of the three gages not affected by

controls and diversions Using the drainage area as a basis

to proportion the reduction these gages have an average

reduction of 8 in the peak flows

It is logical to attribute this reduction to climatologi

cal change Therefore the 33 reduction of the 50 year flood

as calculated from the Colorado River gaging stations is not

entirely from diversions and controls At least 8 can be

attributed to olimatological change Thus diversions and

controls account for a 25 reduction in the 50 year flood

In our opinion however the present controls and diversions

would have less influence on a high frequency 100 year or
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greater flood than a low frequency 2 to 5 year flood

A complicated model basin study would be required to relate

the effect of diversion and controls on a particular fre

quency flood For lack of more data the 25 reduction of

floods due to controls was applied to the 50 year flood

frequency The small difference in final design discharge

would not warrant a more detailed study

The period of records before 1934 are relatively un

affected by diversions or controls Using this as a base

for unaffected flood peaks a 25 reduction was made from

the Discharge vs Drainage Area Curve figure 5 to predict

the 50 year flood This discharge read from figure 5 is

54 000 cfs Therefore the 50 year design flood for DeBeque

Canyon would be 25 less than 54 000 cfs or 41 000 cfs

A design recurrence interval curve figure 6 was con

structed using figures 12 thru 16 The design mean annual

flow is 22 000 cfs

The flood records used in analysis did not reflect any

reduction that the most recent reservoirs may have on peak

discharges By the same token neither was increased runoff

due to weather modification included Since both of these

factors are difficult to predict and could be offsetting

they were neglected in the final analysis
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CONCLUSION

The peak discharges recorded by the gaging stations

along the Colorado River show a downward trend during the

past 30 years Several reservoirs and diversions that

affect peak flow have been built during this time period

Their effect was estimated by analyzing gaging station re

cords of tributaries unaffected by controls The period

before 1934 was considered unaffected by controls This

base period s 50 year flood was reduced by 25 to arrive

at the design 50 year flood of 41 000 cfs for DeBeque Canyon
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