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GILA RIVER PHREATOPHYTE PROJECT

HYDRAULIC EFFECTS OF CHANGES IN BOTTOM-LAND
VEGETATION ON THREE MAJOR FLOODS,

GILA RIVER IN SOUTHEASTERN ARIZONA

By D. E. BURKHAM
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ABSTRACT

Changes in bottom-land vegetation between December 1965 and
October 1972 apparently caused significantdifTerences in stage, mean
cross-sectional velocity, mean cross-sectional depth, and boundary
roughness at peak discharges of three major floods in an 11.5-mile
(18.5 km) study reach of the Gila River. The first flood, which had a
peak flow of39,000 ft3/s (1,100 m3/s), OCCWTed in December 1965 when
the dense bottom·land vegetation was dormant. The second flood,
which had a peak discharge of 40,000 fts/s (1,130 mSs), occurred in
August 1967 when the vegetation had large amounts of foliage; how.
ever, the vegetation had been eradicated in the upstream half of the
study reach prior to this flood. The third flood, which had a peak
discharge of 80,000 ft 3/s (2,270 mS/s), occurred in October 1972; the
vegetation had been el'adicated in the whole study reach prior to this
flood. Compared to the 1965 flood, the large amounts of foliage in the
uncleared halfof the reach duri ng the 1967 flood apparently caused a 7
percent decrease in mean velocity, a 6 percent increase in mean depth,
and an 11 percent increase in the Manning roughness coefficient at
peak stage. Compared to the 1965 flood the clearing ofthe study reach
apparently caused a 25 percent increase in mean velocity, a 15 percent
decrease in mean depth, and a 30 percent decrease in the Manning
roughness coefficient at peak stage in the 1967 and 1972 floods.

The mean velocities of the three peak flows were relatively low
where large parts of the flows moved across the meandering stream
channel; the Manning coefficients and the mean depths were rela·
ti vely large in these segments. After the first flood, scour was noted at
seven of the nine cross sections in the study reach. After the second
flood, fill was observed at all the cross sections, and, after thc third
flood, scour was observed at six sections. From 1964 to 1972, there was
a net scour at .only onc section, section 7, where the mean cross
sectional velocity was relatively large for the three floods. Etr(.'Cts of
changes of bottom-land vegetation on scour and (or) fill could not be
determincd.

INTRODUCTION
Saltcedar (Tamarix chinensis Lour1) has created

problems along many streams in the arid and semiarid
regions ofthe United States. Since about 1930 the plant
has spread rapidly, consumed large amounts of water,
and, in many streams, created potential flood hazards
(Robinson, 1965, p. 1). The problems intensify as the
demand for water mounts, the need for reducing flood

lAlso referred to liS Tamarix penu:mdro. and Ta.manx gal/ica.

hazards grows, and at the same time the areal extent
and density of the plant increases. Management of the
saltcedar is necessary to lessen the magnitudes of the
problems. As a remedial measure saltcedar has been
eradicated along several streams in the western United
States. The effectiveness and the side effects of this
measure are not well documented.

The flood plain of the Gila River in southeastern
Arizona is an area where the vegetation has been man
aged. The low-benefit, deep-rooted vegetation, mostly
saltcedar (Tamarix chinensis Lour) and mesquite (Pro
sopisjuliflora var. uelutine (Woot.) Sarg.), was replaced
with a beneficial short-rooted grass (Culler, 1965,
p.33-38). The saltcedar and mesquite trees are known to
increase both the resistance to flow and the stability of
the flood-plain boundary. Therefore, replacement of
these trees with grass is likely to cause changes in rates
of erosion and deposition, and to cause changes in chan
nel width, depth, sinuosity, gradient, roughness, and
even channel location.

The main purpose of this report is to describ~ the
apparent differences in hydraulic characteristics of the
Gila River during three major floods owing to changes in
bottom-land vegetation. The types ofchange in vegeta
tion relevant to this study are seasonal increase in
foliage and plant eradication. The hydraulic parame
ters studied are stage, mean cross-sectional velocity,
mean cross-sectional depth, and the Manning rough
ness coefficient at peak discharge. Changes in the mean
altitude of the bottom land as a result of the floods also
are described. The floods occurred in December 1965,
August 1967, and October 1972, with peak discharges of
39,000,40,000, and 80,000 [t3/s (1,100,1,130, and 2,270
m3/s). These floods have a return interval of about 17
and 50 years, and ·they were the largest in the study
reach since 1917 (Burkham, 1970, figs. 16 and 23).

Discussions, descriptions, methods, and analyses pre
sented in this report deal with averages, lumped

J1
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parameters, and approximations. The study reach,
basic data, and methods of determining stage, mean
cross-sectional velocity, mean cross-sectional depth,
and changes in the mean altitude of the bottom land
have been described in detail in previous reports (Culler
and others, 1970; Burkham and Dawdy, 1970; Burk
ham, 1970; Burkham, 1972; U.S. Geological Survey,
1963-72); therefore, these parameters are described only
briefly in this report. Procedures used in determining
the Manning roughness coefficients and determining
differences in the study parameters, however, are de
scribed in detail. Errors in the data were not deter
mined, but in some cases they are discussed in a general
way.

This report is one ofseveral chapters ofa series which
describes the environmental variables pertinent to the
Gila River Phreatophyte Project.

CHARACTERISTICS OF THE STUDY REACH
PHYSICAL SETTING

The study reach is in southeastern Arizona at the
downstream end of the Safford Valley (pI. 1). The valley
is filled with alluvial material that ranges in size from
clay to small boulders. The study reach is 11.5 mi (18.5
kIn) long and includes about two-thirds of the study
reach of the Gila River Phreatophyte Project (Culler
and others, 1970, p. 14). Reach 1 is defined as that part of
the study reach extending downstream from the bridge
on U.S. Highway 70 near Bylas, Ariz., to the railroad
bridge that spans the Gila River 2 mi (3 km)
downstream from Calva, Ariz.; reach 2 extends
downstream from the railroad bridge to the confluence
of the Gila River and Salt Creek. Reach 2 extends into
the upper part of San Carlos Reservoir (Culler and
others, 1970, p. 8). The width of bottom land inundated
by the floods studied ranges between 1,500 and 4,000 fi.
(460 and 1,200 m). The stream channel is from 80 to 200
ft (24 to 61 m) wide and from 6 to 10 ft (1.8 to 3.0 m) deep
at banktop level; it is a pool-and-riffle type channel with
a slope of about 0.002. The flood plain was covered by a
dense growth ofsaltcedar and mesquite during the flood
of December 1965; however, this vegetation was eradi
cated in reach 1 prior to the flood of August 1967 (fig. 1)
and in both reaches prior to the flood of October 1972.
Gaging stations at the ends of the two reaches are Gila
River near Bylas, Ariz; Gila River at Calva, Ariz.; and
Gila River near Calva, Ariz. (Burkham, in Culler and
others, 1970).

UNDESIRABLE CHARACTERISTICS OF THE SITE

Parts ofthe study reach were not ideal for the applica
tion of equations in determining hydraulic characteris
tics, especially in determining Manning roughness
coefficients. The most important factors in this regard

were (1) the bridge at U.S. Highway 70 (pI. 1); (2) a dike
extending downstream from the highway bridge; (3) the
railroad bridge near Calva; (4) the varying pool level of
the San Carlos Reservoir; and (5) the changeability of
the channel boundary. Factors 1 to 4 are manmade;
factor 5 is a natural phenomenon.

The bridge at U.S. Highway 70 and the dike extend
ing downstream from the bridge confined the flow dur
ing all three floods causing relatively high cross
sectional velocities. The dike was constructed prior to
December 1965 to protect cultivated land from flooding.
Water spilled over the dike near the bridge during each
ofthe floods; however, the rates offlow on the north side
of the dike are unknown. The confined flow caused scour
during the December 1965 flood along the outer edges of
the south flood plain downstream from the bridge. (See

section entitled "Discussion of Results.")
The railroad bridge probably did not significantly af

fect the hydraulic characteristics being studied during
the 1965 and 1967 floods because the bridge spanned the
entire flood plain and the only confinement of the flow
was due to bridge pilings which are about 1 ft (0.3 m) in
diameter. However, after the north end of the bridge
was partly destroyed by fire in 1970, it was repaired by
construction ofan embankment across about 850 ft (260
m) of the 1,500-ft (460 m) span. In the 1972 flood, the
embankment significantly affected the hydraulic
characteristics being studied near the bridge. (See sec
tion entitled "Discussion of Results.")

The San Carlos Reservoir reached a relatively high
pool level in 1968 inundating a part ofreach 2. The high

.

--• ~ A

FIGURE l.-Stream channel and flood plain of the Gila River in 1964
and 1967.A, Looking upstream from the railroad bridge near Calva
in 1964; the size and density ofsaltcedar are typical for the reach.B,
Looking upstream from the railroad bridge near Calva in 1967; the
bottom-land vegetation was eradicated in 1966 in an attempt to
control evapotranspiration. The stream channel at the site is from
80 to 200 ft (24 to 60 m) wide and from 6 to 10 ft (l.8 to 3.0 rn) deep at
banktop level.
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I stream end of the reach which decreased the size of the and again in June 1968, except sections 13,15, anc 17,
stream channel and increased the altitude of the flood which were resurveyed in March 1970. The nine cross
plain in several places by more than 5 ft (1.5 m). During sections were surveyed again in December 1972. The
the recession of the lake level, the Bureau of Indian surveys of section 1 in 1966, 1968, and 1972 extended

-I-AffaiI:s-straightenecLancLenlargecLthe_streallLchanne nly_to-.the-top-o£thWikaprote.cting..th.Ei-c.llu<l..·IJa"-"",,,,d....l...a,,,n,,,,,-. _
downstream from reach 2 by dredging; this caused ero- The profiles ofthe nine sections and the maximum s':age
sion of the alluvial material that was deposited in the at the sections for the three floods are shown in plate 2.

I downstream end of reach 2 during the 1968 high pool The stream channel and flood plain of the study reach

~ l:.:e:.:v...:e:.::l:-.-::;:D...:u:.:r:.::in:=--"'-'1:;-:9=-7~0-::---:7...:2::..:.::t~h;;;_e;;s;:;:t-=-re~a=m~-=-ch~an=;=n~e=-l :.::in~r;-;:e~a:=~7h;-:2=-1.~c~h~a::.:n~g';-e::....-v::.:e::.:.r~y-ru::;s:;;10"'w---=.,lyc,_i-n-t_h_e--.-:...a~bese"n-c:-e-,-o:-:f-m~a~jTo~r-,-flc::o~o-=d:::-s------
was returning to its pre-1967 size. In October 1972, the (Burkham, 1972) and surveys of the cross sections im-
bed level of the stream channel was about the same as it mediately before each of the floods were not required for

I was in 1967; however, the channel was smaller and the this study. No significant change in the altitude of the
- ~---nfiooa p am was nIgner. flooUplam was possIl>le urmg tIle penoa-from tll--e;:l'''u'''n;ne-,------

The primary natural quality of the study reach that 1964 survey to the start of the flood in December J965
affects our evaluation is the changeable character ofthe because the overbank rates and amounts of flow '''ere
channel boundary; the boundary changes with the small (table 2). Likewise, no significant changes ir the
stresses applied. A major flood enlarges and straightens altitude of the flood plain were possible during the
the stream channel; the resistance to the movement of a periods between the June 1966 survey and the August
subsequent flood is then decreased (Burkham, 1970, 1967 flood, and between the 1968-70 surveys and the
1975). Conversely, in the absence of major floods, the October 1972 flood. The discharge at bankfull st.age
size of the stream channel decreases and the resistance probably was between 3,000 and 6,000 ft3/s (85 and 170
to the movement of a subsequent flood increases. In m3s) from 1964 to present (1973).
order to evaluate the effects of changes in bottom-land Data from streamflow measurement made at or near
vegetation on the three major floods, problems arising the nine cross sections indicate that changes in the size
from the natural modifications of the parameters being of the stream channel were insignificant during the
studied ha to e resolve. Discussion ofclianges occur- periooTrom the June 19-6- survey wille start--ortll-;:;:e-----
rmg e ween 00 s fOllows m the sectIOn "Da a 0 ~-necember 190oflooa, anaaurmg tfie penoa-from ,Tune
draulic Parameters;" changes occuring during floods 1966 survey to the start of the August 1967 flood. Except

----'a"'r"e·descrilJecr-intn-e section"TIiscussio o-f-Results."- -rortrre-e-tran-ges-uiscussed-e'arlierin---the-section-"-Bnde'=--------
-I'--------------------------I-sirable-8haracteristi·cs-of-the-Si·t.e-f-t-he-s-ize-of-t.he

BASIC DATA stream channel probably did not change significantly
between the June 1968 survey and the start ofthe 1972

ood.,--------,--::-::--:-::--=-==-==--==-=-=--=-=::-:---- _
ANALYSES OF DATA

I

I

The hydraulic data used in this study are peak dis-

1
---ChargeS-for-the-fi00dS-0f-1:-965,l96-'7-,and-1:-9't2;-prOfHeS-Of

the Gila River at cross sections along the study reach;
distances between the sections along the main path of Analyses were made to determine (1) mean velocities
the floods; and mean cross-sectional velocity and mean and mean depths; (2) channel-roughness coefficientR; (3)
cross-sectional depth at peak stages at the sections (ta- average changes in the altitude of the bottom land; and
ble 1). The peak discharges for the floods of December (4) changes in the study parameters resulting from veg
1965 and August 1967 were measured at the bridge on etation alteration. The basic assumptions and crit,eria
U. S. Highway 70 near Bylas by personnel ofthe U.S. for these different analyses are: (1) the peak discharge
Geological Survey (1965; 1968). The peak discharge for did not change significantly as a flood moved down
the flood of October 1972 was based on an extension of stream; (2) the water surface at each cross section was
the stage-dIscharge relatIOn for the BYlas gage an on a norizontal; (3) the altItude or-ffie nverlieaaTIl not------

• measurement ofpeak discharge at a site about 50 mi (80 change significantly between the time ofthe beginning
____km) upstream. Peak stages were marked along the of a flood and the time ofthe peak stage, except for nach

suutlrhank-ofthe-study-at-nin-e-cross-sB'Ctions-durin-gi;he- .-duwn·streanrfronrcross-section--I-5-during-t-he-1:-9't2!-------
----floods-of-Becember-t965-and-August-1-96-'7-:-'P-he-peak- flood, (-4-Hhe-cross~seet-ienal-prefile-a-t-seet-ien-1-'7-defi-ned.-----

I stage for the October 1972 flood was marked at the nine by the 1964 survey was used in the studies of hydraulic
sections within a few hours of the peak discharge. The characteristics for both the 1965 flood and the 1967

-----altitudes-o the-marked_gages-were-carefully-suI:-v.e-y-ecL ood=Cross-sectiOIL1'Z...was-lloLsuI:Y:a,}1.ed..afleLthaJJl6.5L- _
immediately after the floods. The nine cross sections flood or after a flood occurring in January 1966 (table 1);
had been surveyed and permanent horizontal and verti- (5) the cross-sectional profiles at sections 15 and 17
cal controls established in June 1964. The cross sec- defined by the 1972 survey were used in determining

I
·1-------------------
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I
the hydraulic parameters for the 1972 flood; (6) the total MEAN VELOCITIES AND MEAN DEPTHS

flow for the three peak discharges is assumed to have The mean velocity in a cross section was detennined
passed south of the dike at cross section 1, and (7) any by dividing the peak discharge rate by the cross-
differences in stage, mean velocity, mean depth, and sectional area at the peak stage; the mean depth was

-I roughness coefficient resulting from differences in peak determined by dividing the cross-sectional area by the
alSC arge for tfiel-9-65ana-r9-6Tflooos are mSlgmhcant. LOp wlOt~flow at peak stage (lao e 1-:-For tnq t905
Further discussions of assumptions are presented with and 1967 floods, the mean velocities and mean deTlths at

~I
descriptions of the individual analyses. the U.S. Highway 70 bridge were obtainec from

TABLE 1.-Hydraulic parameters for peak discharges, floods of December 1965, August 1967, and October 1972, Gila
H;Ver

rPeak discharges for the- floods were 39.000. 40.000. and 80.000 ft3JS]

I Cross- Length Altitude of Cross· Top Mean cross- Hydraulic Mean cross· Roughnestl coefficient
"ection of water sectional width s€ctionai radiutl sectional

No. reach l>UrfOCf> area 1ft' denth <ft' velocity
nIn, Inl lfi2 \ ,n, 'ItlS' iL11I:z

"g ""
December 1965

I 1 2,571.8 15,600 3,380 4.6 4.6 2.5 0.057
4,850 0.00418 0.064

3 2,565.3 17.800 3,780 4.7 4.7 2.2

~
.073

8,000 .00742 .086

I
5 2,553.8 19.100 2.620 7.3 7.2 2.0 0.082 .102

8,000 .00630 .080
7 2.539.7 10,800 1.860 5.8 5.8 3.6 .062

8,000 .00223 .047
9 2,527.8 9,600 1,760 5.5 5.4 4.1 .036

6,800 .00292 .054

I 11 2,518.6 16.300 3.060 5.3 5.3 2.4

~
.081

13,700 .00615 .078
13 2.501.8 17,800 2,280 7.8 7.7 2.2 .074 .076

6,800 .00507 .071
15 2.490.9 9,410 1,520 6.2 6.2 4.1 .067

·1
0;000 .0040Z------:064

17 2482.0 14300 1680 8.5 8.4 2.7 .060

August 1967

-I 1 2,572.5 12,300 2,580 4.8 4.8 3.2 0.053
.003-1-5---.056

3 2,565.8 17,400 3,860 4.5 4.5 2.3

~
.059

.00600 .077
5 2,552.6 16,200 2,550 6.4 6.3 2.5 .064 .101

.00313 .056

I 7 ",,5"38:-4--8~5-40~-;880---4~5 ~5 4. . 3-.
.00157 .040

9 2,528.9 11,600 1,760 6.6 6.6 3.4 .050
.00475 .069

11 2,519.3 18,200 3,110 5.9 5.8 2.2

~
.094

I
.00771 .088 I13 2,502.1 18,700 2,330 8.0 8.0 2.1 .082 .082
.00580 .076

15 2,491.1 10,200 1,560 6.6 6.5 3.9 .071
.00468 .068

17 2,483.0 15,900 1,700 9.4 9.3 2.5 .066

I October 1972

1 2,5'14;-8--t8;-70Q---3,4Q0 -:5---5;-4 " 04"
.00124 .035

I
3 2,566.2 14,700 3,880 3.8 3.8 5.5 .029

.00114 .034 ~
5 2,553.4 16,900 2,670 6.3 6.3 4.7 .031 .040

.00088---.030-
7 2538.8 8,980 1890 4.8 4.7 8.9 .022

.0004:< .021 -

I 9 2,529.8 11,800 1,750 6.7 6.7 6.8 .019
.00094 .031

11 2,518.2 13,600 2,980 4.6 4.6 5.9
.028 )

.049
00077 -

13 2,500.7 13,200 1,950 6.8 6.7 6.1
.028 )

.028 .016

I .00080
15 2,492.2 11,200 1,640 6.8 6.8 7.1 ----

.00102 .032

I
17 2,484.0 13,950 1,860 7.5 7.4 5.7 ----

I
I
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Peak discharge
IftNs I

Date
Water year

(Dcl<>ber I l<>
September 30>

TABLE 2.-Peak discharge, Gila River at Calva, Ariz., 1963-72
[peak discharge above base of 3,000 ft'l.j

The Manning equation for International System Units
is

I

I

current-meter measurements taken during the floods.

ROUGHNESS COEFFICIENTS

The Manning velocity equation was used as the basis

I
for computing the roughness coefficients given in this 1964t ':rh M" 1965 --- -.- - ~::;::~;. ~~'6~964 3060

- ,----l'I'epox:.- - e-, -a-I1nmg-€lq-uatlOn-f0r-Eng:l.isl:l~units-is'--·I-='---="=--='=--~'-=--='=--=--~'-='-=-=--~--=-'=--=·-~~lp2tember4, 11r65.--------~.;- 6~g,-------
1966 December 13, 1965 3460

1 486
December 24, 1965 39000

V =~R%Slh (1) January 1,1966 20000n ' March 19. 1966 5200

=I----i-n-w-h-i-Ch---------------------+---=::.:.::---=:..:...·:.:...::.:.::.:.:::...::::...::_-:.:.::.:.:::.:.:::...::::...::::.:.:::.:.:::...:::_:...::-:.:.::~~~~r~~~r.~~67 :.~:-------
___..ll.'L.!.!"'-"'''''''-''~ I ,Janulll')'-3O.I968 5-960-------

V = mean velocity offlow in a cross section, in feet ~:~~~ ~:: :~~ 3~g

I
per second; ~~~ ~2.1~~~8 :~g~

_ _ R_=__h.:'-y7dr---=-a-'u~l;:-ic7-=-r.::.a:..:.d.::.i.::::u.::.s-a=-t=----=;a=;-=c.::.ro.::.s;:_:s=-=s.::.e.::.et.:.:i:.:o:;n:.>.,~i::.n:....::fe::e;:.t=--I_--¥c:~:4!~~i---='==============='='=====:=======================--!i~¥.:~~;:.;.pe~:;~~:~:!!t~~:f.?~:e!!!!!Le ~..........,.-------
(equal to cross-sectional area of flow, in l~~~ =:====:=:::::::::::::::::=:::: t~~~tr ~2~. \W1 ~:1~
square feet, divided by wetted perimeter, in t':~~~~' tn972 ~~~g
feet); 1973 .----------------------------. ~~t::~ ~(/n~2 J ~~g

S = energy gradient; and
n = a roughness coefficient.

I
I

I

(t:1hu) = difference in velocity heads between sec
tions, in feet; and

k = energy loss coefficient.
The velocity head adjustment factor, a, which is the

ratio oftrue velocity head to the velocity head comJ:llted
on the basis of mean velocity, was not determine'i for

in which metres are the units oflength for V andR, and this study. The value of a was assumed to be l.00 at all
Sand n are as previously defined. sections for the two floods. This assumption pror'lbly

-----..:.-T.oFh1e-Manning-equation-was-de-veloped-fer-unifor-m introduced bias into the comp-utation ofn' however the

t
>----fl.OW-in-Which-the-w.ater~s.ux:face-pr-Ofile-and-enex:gy-gx:a bias may have been small because most of the flow was

dient are parallel to the streambed, and the area, hy- on the flood plain where the velocity across a sedion
draulic radius, and dep-th remain constant through.QuLl~p,r_ob_a,b"""IY,--w_a_s_fa-;-i_r-,IY,--u_n,I,·fi_o_rm_._F_u......,.rt,.h_e"'r_m.....o_re_,'---a_v_a_l_u....e-;-fi_o.r..--- _
the reach. The eouation is considered valid for the difference in roughness coefficient as a result of
nonuniform reaches, such as that of the Gila River, if vegetation changes is a primary ObjectIve oftliis stud=y-,----
the energy gradient, or friction slope, is modified to and any bias introduced by assuming a = 1 is lal-gely
reflect only the losses due to boundary friction (Barnes, eliminated when a difference in roughness coefficif''1t is

--~1;-;9"'6"'7..-,--=p-.-=-4")'.'T""''-hle-eO:-n-e-rg-y-e-q-u-aT'ti~o...:n'---D'~or-a-r-e-a-c...-h-o-;.f-I-'c·dmplIte"d.
nonuniform channel, in which energy is expressed as The friction slope S used in the Manning equation is
head in feet of water, is defined

(hrl 1.2 (t:1hl1.2 + (t:1h v )1.2 - k(Mu)1.2
S =--= , (3)

£1.2 £1.2

where subscripts 1 and 2 refer to cross sections at the where £1.2 is the length of the reach between two sec-

I
ends of the reach, and tions and hh2 is the head loss due to boundary friction

h = water-surface elevation at a cross section, between the two sections. The energy-loss coefficient k
----------li·n~feet:-;--------------I--l.s..taken...to.-h_e..zeroJoLcontr.actingieacheS-.an.d._O'..5Jo.r. _

hu = velocity h~ad at a cross section, in feet expanding reaches. In this study, the quantities t:1h u 1.2

(equals 0' 2Vg2, where a is a velocity head and (kt:1hul1.2 are small compared to t:1h 1.2 because of
relatively steep channel slopes, long reaches bet,veen-

I hr =

I
k(!::.hu)=

I
=1

adjustment factor and g is acceleration sections and no major channel contractions or expan-
due to graVIty, m feet per second per sec- sions.
ond); When the Manning equation is used. to determine

head loss due to boundary friction in a discharge, the quantity (1.486In)AR%, called con-
reach;--in-fe-et, veylfI1ctnm--d-dtlsj-gn-a:t~-d-K-;-is-cTlInput~-d""io-r-e--l1ch-r.rITS"s'------

head loss due to acceleration or decelera- section. In computing K, the roughness coefficient n is
tion of streamflow in a contracting or ex- assigned to the section even though it is an average
panding reach, in feet; value for a reach extending upstream and downstream
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I
from the section. For brevity, n is referred to in this A procedure for determining the Manning roughness
report as the roughness coefficient for a section. In the coefficient n for a cross section was required for this
discharge computation, the mean conveyance in the report. Values ofn were sought so that: (1) they could be
reach between any two sections is computed as the compared directly with the hydraulic parameters mea-

-I geometric mean of the conveyance of the two sections sured at the different cross sections; (2) the effe.ds of
(Barnes, 196r,-p:-6)-:-Tl1eQlscharge equatlOn for a two- changes III the vegetation on tl1e11yaraulic paraITIeter's
section reach in terms of conveyance is for the different cross sections could be studied; and (3)

-I Q = (K,K'}$)lh. (4) the variability of the roughness coefficient anrl the
reasons-for-th-i variabi-l-it-y-eould-bet-ter-be--descr.o,!:led.

where Q is the discharge and S is the friction slope as
mbe-Man-nrng---I'eughness-eoeff:icien·t-n-fGJ.' ach--eross

previously described.
section can be computed from product values obtained

I An equatlOn for the product n1n2 is obtained by com- using equation (5) ifthe value of n is known for at. least

binin-g-equations-t3hmd-(-4TandTeversing-the-computa~
l-one.s.e.cJiilll.;'h.o.w.eYer....alarge bias maJ be introduced by

tion described in the preceding paragraph. The equation assuming a value of n for one cross section and then

for English units is computing values for the remaining sections baf~d on

I 2.21 [ 2t:
this value. For example, if an assumed value ofn is too

n1n2 =--- (R IR 2) 3 A 1A z J[ (h + hull small for cross section 17, the computed value of n for
Q2L' cross section 15 will be too large, the computed value of1.2

I
n for 13 will be too small, and the errors will continue to

- (h + hv)z - (kt.hu)1.2 ] ' (5) increase in magnitude as values of n are computed
further. A value of n17 was sought so that this bias

The product n 1n2 and the geometric mean of the rough-
might be minimized.

I ness coefficient, ng ( = (n1n2)Y'z), were computed for the
The bias was minimized by using an equation for

three peak discharges for each stream length between
variance, the product value computed using equation

cross sections using equation (5) and the discharge,
(5) and the procedure discussed in this paragrapl1. The

I
water-surrace profile, ana-the hyQraullc propertIes pre-

equatioILfoL-v..ariance.is

vi{)uslrd-eternrine-d-for4:h-e-cro-ss-s-e<:ti-ons-C-tabI-e---t')~he f: (n,,2-r-r: n,ydata of n1n2 were used to determine the value of n for
each-of-the-nine-cross-sect-ions-for-t-he-1-965-and-1-96Cl

I fioods-ana-to·detel'-mine-the-value-of'n-fer-seetions-1,3,5 ,
;=1 z=l I

7, 9, 11, and 13 for the 1972 flood. 82 =
N (7),

Average values of the Manning roughness coefficients N-1

I
for the three floods for the nart ofreach 1 from cross section in-whic..
3 to cross section 7 and for the part of reach 2 from cross

8 2 variance of n for a sample;section 11 to cross section 15 were computed using the =
equation for English units that follows (table 1): N = number ofobservations ofn in the sample; and

I
ni = Manning roughness coefficient at a crof''> sec-

n
a

= 1.486 Ch+hU) 1 - (h+hu)M - (kt.hu)1.2 tion.
The following procedure was used in deterrninine. n for

Q L l ,2 L2,3 the 1965 and 1967 floods at the nine cross sections:
I.

I
--+--+ ... (1) values ofn were computed for all sections in terms I
A 1A 2 ZZZ3 ofn17 using the product values obtained from

equationJ_5)~

+(kt.hu>Z.3 + ... + (kt.hu) (M-n'M)'h (6) (2) the variance of n was computed by using all val-

L,(M-1) . M
ues obtained in step (1) except the value for
cross section 17;

.
=F ·

ZCM=-l')ZM
(3) the first derivative of the equation obtair~d in

step (2) was set equal to zero;
·

I where Z = AR% and other quantities are as previously (4) the equation obtained in step (3) was solv~d for
defined (Barnes, 1967, p. 6). The equation is applicable n17; and
to a mul'flsectlOn reacl1Of-M cross sectlOns, whIch are (0) values of n were computed-fa the ematnitlg-s-e-c- ·

I designated 1, 2, 3, ... M -1, M. For a two-section reach, tions by using the n17 value obtained in st.ep (4)
the value ofna in equation (6) is the same as the value of and the product values obtained using equa-
ng in equation (5). tion (5).

I
1-------------
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I
In brief, the procedure is based on the theory that the the study parameters In reach 2 caused by event 1 is for

variance of the sample composed of values of n for all vegetation fully foliaged.
cross sections except section 17 is not a function of the The method of determining the effects of vegetation
value of n17. Step (3) in the procedure says that the removal on the study parameters is based on an as-

-I-
change of variance resulting from a change in n17 is sumption that the four events, described in the pre~ed-

, zero:-T:Tsing-the-same--procedure-;-va-lues-of-n-were--deter;;--irrg-paTa-graph;--causedindeperrdenreffects:-'Phe--metbod------
mined for the 1972 flood at all cross sections except for is illustrated by the following equations for reach~s 1
sections 15 and 17; values were not determined for sec- and 2, respectively:

a--tions-l5-and-l-7-becaus~Lthe-unce~tainty-OLw_henl-j_-----=========::-==::==::--=====,--------:--=-:------
.• emsion_o_ccurmd.-.The-<iata..oLzLare_pr.esentedinJ;able-L (11L7-=-(-1-}H5--=-(-1-)MIE (_HtliIQ:--__....J(.Y-L-R) _

and figure 2.

(1#7 -(l)H5 = average of differences in stage for the
1965 and 1967 floods at cross sec
tions 3, 5, and 7 in reach 1, in feet;

'(1)H5 indicates peak stage at a cross
section in reach 1 for the 1965 f'lod
and (l)H7 indicates peak stage for
the same cross section for the ] 967
flood;

in which

EFFECTS OF CHANGES IN VEGETATION

I
I
I

-I~---'T'l::- CHANGES IN ALTITUDE OF B~TTfO: L:-"N
u
D_-.--.

d
_
I

(2_#_7_-_(_2)_H_5_=_(_2)_MI_F_+_(_2_)Mi_c (9_) _
Tile average change In the altItu eo t e vottom Ian

for the period June 1964 to June 1968 for cross sections
I, 3, 5, 7, and 9 and the procedure used in determining
the change are described in another report (Burkham,
1972). Theprocedure consists of (1) plotting the mea
sured profiles for each cross section, (2) obtaining the
vertical area between plotted profiles from the graph,
and (3) dividing the vertical area by the horizontal
length ofthe cross section. A positive change in altitude
indicates that a larger area of fill than of scour occurred
in the section.

= average difference in stage for the
-------------------------I--------l-965-a-nd-196--7-floods-due-to--the-----

1 ----'T'-'h-"e'--ml<'a"'r'-'t'-'o"-"f-"r-"e""a"'-C""h-"I'--'fr""-""o...m"--"'se"'c"-'t~io"_'nws"--3",-"to>L.!.7-,a"-,n",d~th,,,e"'-1"R ....a,,-,rt,,-,o,,,f'--I eFacl.icat-ion-of-doFmant----vegetat-ion------
reach 2 from sections 11 to 15 were considered the best in reach 1, in feet;
pair of reach parts for the application of hydraulic prin-

-(2)MIc--~~a-veFage_di-fference-in-st-age-for-the-----

1965 and 1967 floods due to channel
changes caused by the 1965 floo"i in
reach 2, in feet; (2)MIC is assume<1 to
equal (l)MIC .

ciples and equations. The data ofhydraulic characteris- (llMIc = average difference in stage for the

I

I

tics for these two lengths of the study reach, therefore, 1965 and 1967 floods due to channel
were given the most emphasis in evaluating effects of changes caused by the 1965 floo, in
vegetation changes. The reasons for downgrading the reach 1, in feet;

~dat1CfOI"1Jartsofth-e-stucly reacn near sections 1";9, ancl-j_--==:=====-----------------------
• ~7 are described in the section "Undesirable eharac- (2)H7 -(2)H5 = average of differences in stage for the

teristics of the Site." 1965 and 1967 floods at cross sec-
Among the three peak discharges, differences in the tions 11, 13, and 15 in reach ~, in

study parameters for sections 3 to 7 and for sections 11 feet; (2#5 indicates peak stage at a
to 15 are assumed to have been caused mainly by (1) crosssection in reach 2 for the] 965
eradication of bottom-land vegetation; (2) changes in flood and (2)H7 indicates peak stage
foliage on bottom-land vegetation; (3) channel changes for the same cross section for theI caused by a previous flood; and (4) differences in peak 1967 flood;

____.=d:.:is:..::c.=h:..::a:::.r~g.=e:... .=E:..v:..::e:..::.n:.:t..::;s_1~an:=-d=:...:3'_;_=ar:::...::.e-e:;:x""p[Ce:.:c:..::te.=d=-to~.=ca=-u=se=-=d:.:e'-:---/--t\2)t:J4.'--~-~ia-veFage-di-ffel'enGe-in-stag for-th~e------
creases in stage, depth, and roughness coefficient, and 1965 and 1967 floods due to in-

I increases in velocity; events 2 and 4 are expected to creased foliage in reach 2, in feet; it

_ __---,c"'ac;vuffis:.. in;reas.,es", in stage '. dePtl~"and(_C~o ughlnge5s9s::-I ...,is"--"t...h""-e-le"""'xpected changun-stag0Jn------
coe Clen", anu uecreases In ve OCl"y HOW,; reach 1 due to increased folialre if

----'Burkham-;-19'72-;-19'7-5-r.--'flre-differerrc~-rn-th-estud"y--l----- =-:=:-='---'0.-==:0:.....-'""'--==-"==--=-'=<:-"'-=- _

I
the vegetation had not been re-

. parameters for the floods of 1965 and 1967 in reach 1 moved; and
presumably were caused by events 1 and 3; the

-----li..1iffe-l'enGe-in-reaGh-2-wa ca-used-by-events-2-and-3::-tphe
difference in the study parameters for the floods of 1967
and 1972 in reach 1 presumably was caused by events 3
and 4; the difference in reach 2 was caused by events 1,
3, and 4. For the 1965 and 1967 floods, the difference in

I
I
1,-------------



I
I J8 GILA RIVER PHREATOPHYTE PROJECT

I 17... 15... 13...
CROSS SECTIONS

11 9... ... 7... 5... 3... 1...
DISTANCE ALONG MAIN FLOW PATH OF FLOOD. IN KILOMETRES1,-------------,0_0---2---4---6---8---,0---'-2__-,4 '_6 '_8 2~_"TO'-----------------

9

o.s

'2"1098

1 Velocity obtained from current·meter measurement
made at high way bridge on U.S. 70.A

2

I

~I :f- 8 1---------------- 1 25 t-
g u

~O ~O

I
>2 7 ~~

_ ~---------__;~ § 1-I'-----,,::-:--------""""7L...-------II-----------/--2-.O---:<l:~~I------- _

2~ 6 20:
00: Ow
~w ~~
U a.. U en
~~ 5 1.5 ~Wo:
~ w /~X\ '" f-
~ u. , .. , • /. \ CIl w

0: 2 4 ,/X,\\ " // \ ~ ~
~ - // ,\ ,: ,X '\ \ / ~ 2
<l: ,'/ ~, " / " \ X,·O <l:
w 3 '/ \\ ,-'/ " \ / ,1 W

~ ", " / " \. / ,0' ~
" .... ,,/' " X............ X/ , ..
't-==-_~-~~=_=:-X ... --::.......

I
I

I

,I-_...L.._--'-__-'-_----L__L-_......L_----.J__...J......_---.L__.l-_---L__I-.J

° 234 5 6

11.=======================~0~.~'_22+~0====~=2~===~=-j4_'=_=_:;_=_=_=_:'i'6=~====8~====~='~0===~=1~' ?~====='E4~====~'_6~ _=_=_=_=_:;_''j8====~=2~0~================================== ===
0.'° ,;-1""""

~ ~ X,",--------------,T'/T--~\r-'c,-------I--------------------

0.08 /x-~~_----==-=--...~\ " / \\""
....... ...-- " " /

~ ---::-;::---- \, \ ,/ I \".... "
2 0.06 ~-- ,_ " \ / I X......... '-

----------~~~---f----------------,;:---'.;\-...x,------/ 7 --...X:__·I _

~ 0.04 \, '"\,,/ / C>

... _- '-x/

I
0.02

B

°0'--........L---21----'-3--..J4---S'---'-6--..J7---8'---'-9---,LO--'.Ll--...l'-2......J

I
DISTANCE ALONG MAIN FLOW PATH OF FLOOD. IN MILES

-----------------------,...XPLANATID"',.-----------------------------i-

October 1972. The lines on the graphs are based on the plotted points and on the hydraulfic propertjes of 1_
the bottom land between the cross sections. The roughness coefficient n is treate as 1 it app ted to a
section even though it is an average value for a reach extending upstream and downstream from the
section. Distance along the main flow path of flood is scaled from the map shown on plate 1.I

5 I

I ... Location of cross section and number I
__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~-~-~-c:."'-:-_~-_~-_-....:"'"fl....:.:O:O:d~O:f~-"I...:)"'-'-e::!c"'~:::-rn!J.J::.:.. ....:.-r=19...:6-"cS:.:.:_,:::...dic:.:·S!.::c:.<:h",a_r
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.:..:e=3.::2..::,Q....:0...:..O--,f:::t--,'...:/U=.l..:.:'_:...I.::O_.:...Q~m::..!.....'W_s_'--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-- -x- - Flood of August 1967, discharge 40,000 ft' Is (1,130 m'/s)

I
---C>-- Flood of October 1972. di.charge 80.000 fl' /s (2,270 m'/s)

FIGURE 2.-Hydraulic characteristics at peak discharge for the floods ofDecember 1965, August 1967, and

I
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BOTTOM LAND FOR THE PERIOD

June 1964 to June 1966

June 1966 to June 1968

I

FIGURE 2.-Continued.I
---e---- June 1968 to December 1972

June 1964 to December 1972
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The effects of mcreased fOlIage between Df'~emoer

1965 and August 1967 on the study parameters in reach
2 were not computed directly; however, the Fobable
effects are discussed briefly in the following section.

Equation (10) is obtained by subtracting equation (9)
from equation (8): I

I
I
I

((l)H7 -- (1)H5)-'(2P7 - [2#5)
DISCUSSION OF RESULTS-- ---------j-I------I---=-==-===-.::....:.....-=-==--=-=-=~---

The effects of vegetation changes between the 1965

(
1\ lJ 1\ r:r )! ( 1\ r:r ------;::;;-) (10) and 1967 floods and between the 1967 and 1972 floods

f
= (1)L.>.nE - (2)L.>.nF + (l),.•nc - (2)L.>.nC

r------------------'------ j-a"r£_dis_c..usSillLs.e..p.ara.tcl.x: in this section. Reasons for
variation of the different narameters along the study

I

reach also are presented in a separate discussion.

I
I
I

I
I

I

A decrease or minus (T) change in stage is expected
for (1)AliE and an increhe or positive (+) change in

I stage is expected for (2)AliF· The sum, mAlic - (2)AliC ' HYDRAULIC EFFECTS FOR THE 1965 AND 1967 FLOODS
------,l:-;:s;-a~s:;;:s;;Cu;-;:m=ed;:J·t:;::o-,be~:;ze~r:;;o~-.-,Wrrh:;h::-::e;-;:n:-.:lth~e~ec;;x:;:;p:;::e""'et..e::-::d~cr;;~ITte;o;r~l:;::a--;a:;-;n=dl-r---------------------------

assumptions are applied! to equation OOl, the desired The seasonal increase in foliage between the 1965 and
equation that shows th~ difference in stage resulting 1967 floods and channel changes resulting fmm the
from the removal of fully foliaged vegetation is ob- 1965 flood apparently caused significant chang(:~ in the
tained. The equation is: ! hydraulic parameters throughout reach 2; the removal

I of dormant vegetation and channel changes app.rently
caused significant chilnges in the hydraulic parameters
throughout reach 1 (table 1; fig. 2). For the 1967 floods at
sections 11, 13, and 15 in reach 2 the stage artf mean
cross-sectional depth were an average 0.4 ft (0.12 m)

A numerical value for ,the left side of equation (10) is higher and the mean cross-sectional velocity was an
obtained by using the stage data given in table 2. The average 0.2 ft/s (0.06 mls) lower than the corres'1onding
differences in stage for th'e 1965 and 1967 floods in reach parameters for the 1965 flood. The Manning rO'lghness

-==-----~1-aTe-0;_5_tt_(ir.-l-S-nr)_at_iectioIr3,- ~t_~O;-3-'l-m-)-at--, -coefficient-nain-the-part-oHhe-study-reaeh-from-sections,-----I'-----so,ection-5,and-l-;-3-ft-(-0~40-m-)-at-section-7-;-the-average--, -1-I-to-1-a-was-07008-highe-r-for-the-I-96'7-peak-than-for-the--~---
of these differences is - °7 ft (- 0.21 m). The differences 1965 peak. The magnitude of the differencer in the

------in-stage-for--the-l-965-and~l-96-7-floods-in-r-each-2ar_e-O_7-fL-study-par-ameter:s..caused.-b¥-the-increaseinJ:oliage...anu-rl ----

1-----\(-0.2LnttaLsectioIl.-ll,_O. B-fLCO_Oitm)-aLsection-l3,_ancL_channeLchang.esis_queBtionable-ioLcrQSs sectio.'1s 9 and
0.2 ft (0.06 m) at section ~5; the average of these differ- 17 because of hydraulic conditions at cross s,"ction 9
ences is 0.4 ft (0.12 m). A value of -1.1 ft (-0.34 m) is (discussed on p. J3) and because ofpossible poor data for
obtained as an estimate dfthe average decrease in stage cross section 17 (discussed on p. J3). Other questions
during the 1967 flood ip reach 1 resulting from the develop from the results for section 9 because, due to the
removal of vegetation; t~is value was obtained by using removal of vegetation in reach 1, there was a tr"nsition
0.4 for (2iH7- (2#5 and-O.7 for h#7- (1#5 in equation during the 1967 flood from high velocity and kinetic
(11).: energy in reach 1 to low velocity and kinetic energy in

The hydraulic parameters for the 1965 flood were reach 2; this transition took place near section 9. The
used as standards in det~rminingpercentage effects of writer believes, however, that these differencef are sig-
changes in vegetation. The vegetation was in place in nificant because they are in the same direction as those

I both reaches during the December 1965 flood. for cross sections 11, 13, and 15 (fig. 2; table I)-that is,
Differences in the study parameters in reach 1 from the mean velocities decreased and the stagl~, mean

------,sections-3--t0-7-and-in-l'each-2-£r_om-sections-l-l-t.o-15--depth,--and-roughness-coefficients-increas.ed
caused by removal of fully foliaged vegetation were Average differences in the hydraulic parameters for

I computed using equations similar to equation (11). Bas- the 1965 and 1967 floods at sections 3,5, and 7 in reach 1
'-- -'i""c""al"'l,y-' for the 1965 and 1967 floods the eouations used are as follows:

_____--=s=ay that the effects of the removal offully foliaged vege- 1. The stage was 0.7 ft (0.21 m) lower in 1967 than in
tation on the hydraulic parameters is the average dif- 1965;
ference in the parameter for the two floods in reach 2. 2. The mean cross-sectional depth was 0.8 ft (0.24 m)
For the 1967 and 1972 floods, the equations say that the lower in 1967 than in 1965; and

-------::-effects of removal oIfiillyfOllaged vegetatIOn on a rTfie mean cross-secuonalve1ocity was 0-:-6-fl1st(T.I-Q-tl---rl

I parameter is the average difference in the parameter for mls) greater in 1967 than in 1965.
the two floods in reach 2 minus the average difference in The Manning roughness coefficient na was 0.0] 8 less in
the parameter for the two floods in reach 1. 1967 than in 1965 in the reach from sections 3 to 7. The

I
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-I

I

I

I

I

magnitude of the differences in the study parameters to 7 and from sections 11 to 15 caused by the 1965 fhod
caused by the removal of dormant vegetation and chan- occurred along the stream channel at bends and re
nel changes is questionable for section 1 because of the stricted sections. Most of the peak flow from the floods
adverse hydraulic conditions (p. J2). Results also are investigated in this study were contained within the

I questionable for section 9 because ofthe transition dur- flood plain and changes in the stream channel may not
--ing-the-t96'Hlo0 d-from-higlrvelocity-arrd-kirretic-errergy-r-have-greatly-affected--the-study-parameters-forthe-H)6'T-~----

in reach 1 to low velocity and kinetic energy in reach 2, flood. At flow rates less than about 20,000 ft 3/s (570
discussed above. m3/s) the effects of the stream-channel changes prc'Ja--I Xhe-effects-of-l'emo-v-ing-full.y--fol-iaged-vegetation-on--bl.y-would-ha-ve-bee.n--mol'e-significant.

_ _ __the_study_parameters_fodhe-19.65.and.196-7_floods_wer.e-_FjIL_w-as-obser.v:e<LaLaILthe-cross-sectionsJoI-th~e------
assumed to be the sum ofthe effects of increased foliage period June 1966 to June 1968 (pI. 2). The large amo'mt
on the parameters in reach 2 plus the effects of the offill in the downstream end ofthe study reach after the
removal of dormant vegetation in reach 1. Based on this AUg.!,!st 1967 flood undoubtedly was caused b~g,-"h,--- _
premise, the removal of fully foliaged vegetation in the lake level in the San Carlos Reservoir reached during
study reach apparently caused a decrease of 1.1 ft (0.34 the recession of the August 1967 flood. The large
m) in stage, a decrease of 1.2 ft (0.37 m) in mean cross- amount offill at cross section 9 may have beencausect by
sectional depth, a decrease of 0.026 in Manning rough- the screening effects of the saltcedar and mesquite as
ness coefficient na, and an increase of 0.8 ftls (0.24 mls) the floodwater entered the uncleared part of the sbdy
in cross-sectional velocity. Relative to the 1965 flood, reach. A logical explanation for the large amounts offill
the decrease in depth was 19 percent, the decrease in in cross sections 1 and 3 is not apparent.
roughness coefficient 33 percent, and the increase in The sediment loads carried by the two floods nay
velocity 29 percent. The method of obtaining a sum for have been a significant factor in explaining why SC'1ur
the two effects and the method ofremoving the effects of occurred during the December 1965 flood and fill
channel changes from the data are presented on page occurred during the August 1967 flood (Burkham,
J10. 1972.) Studies based on the meager data available p-:-ior

-= =Effe_cts..oLchannJiLc.hanges-caus.eJiby..th.e.l9_6..51Loo..d.QIL _to.l9.D_5jU.S..Army...c.o.r.ps_ofEngine_er.s,~91A. ....p_..3OJ..an.,",,----rJ __I the studY-2arameters for the 1967 flood could not be on data for 1965-70 (U.S. Geological Survey,----"'-'19~~~·5-"--- _
determined directly; the effects of removing vegetation 1971) indicate that the sediment concentration fc~ a
between floods on the channel changes which occurred given flow rate in the winter (November through Ar'"il)

HYDRAULIC EFFECTS FOR THE 1967 AND 1972 FLOOr~

The vegetation removal, the unequal peak dis
charges, and channel changes apparently caused sig
nificant differences in the hydraulic parameters for the
two floods throughout reach 2 (pI. 2). For the 1972 fhod
at sections 11, 13, and 15 in reach 2, the stage waf an
average 0.5 ft (0.15 m) lower, the mean cross-secticnal
velOCIty an average 3.7 ft]sTI-:T3lli7S) nIgner, and tli-;O-e-----
mean cross-secflOnalcleptl1 an average v:7-ft-(0':211IT)'-----
lower than the corresponding parameters for the 1967
flood. The Manning roughness coefficient na, in the part

-of-t-he-study-reaeh-frorn-sect-ions-1-1-to-l-0-was-()'{)54-lowel'~----

during the 1972 flood than during the 1967 flood. The
lower average stage and depth of the 1972 flood at sec-
tions 11, 13, and 15 is of particular importance. This

during the 1967 flood also could not be determined. In in the Gila River at the head of Safford Valley is less
the different cross sections surveyed, the 1965 flood than 20 percent of the average concentration for the
apparently caused both scour and fill in parts of the same flow rate in the summer (July through Octob~r).

section (pI. 1). From June 1965 to'June 1966, however, Most of the winter flow originates in mountain 'IUS
-I---there were larger areas of scour than fitl---at:rll-the -terraIn where there is relaflvelyltftle-transpoftaol"'e-----

sections surveyed except sections 3 and 13 (pI. 2). Most material. Large flows having relatively low sediment
of this scour probably occurred during the recession of yields are conducive to erosion, while large flows of
the December 1965 flood. The relatively large scour in relatively large sediment loads are conducive to
cross section 1 and the fill in cross section 3 are assumed deposition if other hydraulic conditions are fa voraJ-le.
to have been caused indirectly by the bridge on U.S.
Highway 70 (pI. 1). The flood of December 1965 was the
first major flood after the construction of the bridge in
1957. The bridge apparently restricted the flow along
the left side of the flood plain causing a higher-than-

-I

I
I

I

normal velocity. Scour was a direct result of the high
velocity. The large scoured area of cross section 1 from
station 2400 to station 2920 indicated by the 1966 sur
vey (pl. 1), however, dill not extend as a conbnuous

-------,;c'tn""'an=n""'el-ffom cross section I-to cross section S-:-A:p-

I parently, most of the sediment scoured from the flood
plain from the highway bridge downstream past cross

----sect-ion-l-w-as-deposited-in-a-reach-w-hich-included-eross
section 3. The reason for the fill at cross section 13 is not
known.

Most ofthe changes in the study reach from sections 3

I
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indicates that the combined effects of vegetation re- Relative to the 1965 flood, the decrease in depth was 10
moval and channel changes--effects which tend to de- percent, the decrease in roughness coefficient 27 per
crease stage and depth-are greater than the effects of cent, and the increase in velocity 18 percent. The
doubling the peak discharge from 40,000 to 80,000 ft3/s method of removing the effects of unequal dis'-:harges

_11 (_1,T1~0 t~ 2,270m3/s)·_=1~n._~_""'_~IIlOd channel changes from the data is presented on page
11e s age and mean cross-sectIOnal UepL11 aL sec LIOns u .

9 and 15 were higher for the 1972 flood than for the 1967 The effects of unequal discharges and the effects of
flood; the reasons for the relatively high stage and depth channel changes on the study parameters for the 1967

~1----at-these-sections--are--nOtknown-:-'Phe-relative-higlrstage-IaTI<:l-l:9'72iiootl-could-rrot-be-determirred-irrdeper-:lentlJv-.---

-----<Ic>Jnd-depth-at-section-9,however,probably-was-caused-by- -However,--the-combi-ned-effects--of-the-two-factors-proba-----
confinement of the 1972 flood by the embankment at the bly amounted to a 3.2 l'tis (0.98 m/s) increase in velocity

I railroad bridge. The relatively large depth at section 15 and a 0.033 decrease in the Manning roughness
_ 1- rnay-IlotJ)e-real;..it-lIlay-h-a.v:eJleen...acomputationaLecr.or- -coeffi.cienLna=f,he-diffe.r.ence.s....in....l.he-r:e.s.pe.c.t.iv..,.e _

if erosion of the flood plain occurred after the 1972 peak parameters for the part of reach 1 from sectionr- 3 to 7.
discharge rather than before as was assumed. The rela- The effects of vegetation alteration between the 1967
tively high stage at cross section 15 also could be ac- and 1972 floods on channel changes in the stud" reach
counted for if most of the erosion that was meas'lred during the 1972 flood could not be determined. Scour is
occurred after the peaks instead of before. indicated for the period June 1968 to December 1972 at

The relatively large difference in average mean all the sections except 1, 11, and 13 where fill is indi
cross-sectional velocity and Manning roughness cated. Probable reasons for the scour at sectionf 15 and
coefficient na for the 1967 and 1972 floods in reach 2 17 have previously been discussed (p. J3, J10, J12). The
probably results from unequal peak discharges. fill at sections 11 and 13 may have been an adjustment

Average differences in the hydraulic parameters for in the channel resulting from the high pool sedimenta
the 1967 and 1972 floods at sections 3, 5, and 7 in reach 1 tion at sections 15 and 17. The fill at section 1 may be an
are as follows: adjustment in the channel affected by the bridge on U.S.

-;;;;;o-------cl.--T-he-stage-was-O.€i-ft-(o.1€i-m)-higher-in-l-9-'7-2-than-in- -H-ighw·a-y-7-o.

1-----~l-96-7_;,----------------1--------=::-:-:::-=-==-=:-=:=::-::::_:_:~=-:::-:-:::-:-:-==_::::__------
RANGE IN HYDRAULIC PARAMETERS

2. The cross-sectional velocity was 3.2 fils (0.98 mls)
ALONG THE STUDY REACH________-6gl:,"-!e.ater in L91tihan in L9..6~;~""n",d..... 1 _

3. The cross-sectional depth was 0.1 ft (0.03 m) lower The ranp"e in the different hydraulic parameters
in 1972 than in 1967. along the study reach for the three floods waf larger

The Manning roughness coefficient na in the part of the than expected (pI. 2). For the 1965 flood at secti"lns not
study reach from sections 3 to 7 was 0.033 lower in 1972 affected by the bridge and the reservoir the mean cross

-----,;tL::"h,ac:'n-'iDT!167. For reasons discussed on page J3, the sectional velocity ranged from 2.0-Ws (O~61 mls) at sec
magnitude of the difference in the study parameters tion 5 to 4.1 ftls (1.25 mls) at section 15 (table 1), a
caused by unequal discharges and channel changes is difference of about 100 percent ofthe lower figure. The
questionable for sections 1 and 9. reason for the large range is not known; however, differ-

An apparent inconsistency exists between average ences in density ofvegetation along the study rea ch may
difference in stage and average difference in mean have been a minor contributing factor; bending or lack
cross-sectional depth for the 1967 and 1972 floods at of bending of the saltcedar and mesquite in por~ions of

I
sections 3, 5, and 7; the stage increased an average 0.5 ft the study reach also may have been a minor factor. The
(0.15 m) and the closely related average depth decreased flow at sites where high velocity prevailed mcy have

______......,Il'nwa....l'VUfe.rag.e 0.1 ft <O.Q.3.-mJ. This inconsistency....lIla)': indi- been strong enough to bend the trees resulting in a
cate that the scour at the three sections, which occurred reduction in 'channel friction and an increase in veloci-
between June 1968 and December 1972, largely oc- ty, whereas the flow at sites where low velocWes pre- j
curred before the peak of the 1972 flood instead of vailed may not have bent the trees. _
afterwards as was assumed. The large range in mean velocity, however, CCllld not

I
------·Based on data for the 1967 and 1972 floods the re- nave been entirely due to a dillerence In veg~tatl:-::;-o=-n---

moval of fully foliaged vegetation in the study reach density and bending of the trees because the cC'TtJ.plete
apparently caused a decrease of about 1.0 ft (0.30 m) in removal of vegetation apparently only caused about a

------'stage-;-a-decre-ase-of-about-O:()-ft-(O:-t81rr)-irrm-e-an-cro·ss~ -30~eTc·en-t-d-e-cre-ase-jTI rre-M1lIlnin-g---rou·ghn-e-ss:----I

sectional depth, a decrease of about 0.021 in Manning coefficient and a 30-percent increase in mean v'\locity.
roughness coefficientna, and an increase ofabout 0.8 ftls Furthermore, a large range in velocity still existed in
(0.24 mls) in cross-sectional velocity for the 1972 flood. the study reach after the vegetation had been removed.

I
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During the 1972 flood at sections not affected by man- the 1967 flood in reach 1 and 0.5 ftls (0.15 mls) for
made structures, the range in the mean cross-sectional the 1972 flood in reach 2.
velocity was from 4.7 ftJs (1.43 m/s) at section 5 to 8.9 ft/s 3. An average 0.024 decrease in Manning roughn~ss

(2.71 m/s) at section 7 (table 1), a difference of about 90 coefficient na for the 1967 and 1972 floods in

I percent of the lower figure. The writer assumes that the treated areas; this decrease was about 30 pem~nt
- I------T-~____=_______.__~~~---------..-------'--~___.___~~~--

large range in mean velocity is mainly due to differ- of the average na for the 1965 flood. The CC'''!l-
ences in boundary roughness caused by the meandering puted average decrease is 0.026 for the 1967 flood

I
stream channel. The cross sections at which the mean in reach 1 and 0.021 for the 1972 flood in reach 2.

- velocffies were relafiVelV-lITgll were locateawnere fIi"e --'!-:-An average O:-9InO~7m) decrease m mean CrC''iS-
- --stre-am-i-s-r-elative-lrstraI-glrt-C-pt'4-)-;-tne---computed sectional<:lepth-rortJ:re-1~6'j'-and-19'j"2--tloo'drin------

roughness coefficients are relatively small at these treated areas; this is about 15 percent of the

I sites. The cross sections at which the mean velocities average of mean cross-sectional depths for the
- ---weI'e-I'elati-vel-y-Iow--weI"e-loeated-wheI'e-Ia'Fge-parts-of 1-96f.i-fload-,--'J.!he-eompute deeFease-in-mean.------

the flow moved across the meandering stream channel; cross-sectional depth is 1.2 ft (0.37 m) for the
the computed roughness coefficients are relatively large 1967 flood in reach 1 and 0.6 ft (0.18 m) for the
at these sites and the mean depths upstream from these 1972 flood in reach 2.
sites are relatively large. Much turbulence along the The increase in foliage between the 1965 and 1D67
stream-channel banks is known to exist when a major floods apparently caused the following changes:
flood moves across the meandering stream channel of . .
th G'l R' (B kh 1972) d th h 1. An average 0.4 ft (0.12 m) mcrease m stage for thee 1 a Iver ur am, ,an e roug ness 967 fl d'

ffi · t' h 't t' . k b I 1 00 ,coe Clen m suc a SI ua IOn IS nown to e arge A 0 2 ftJ (0 06 mI ) d .
(R 1961 593) 2. n average. s. s ecrease m crC'<;s-

ouse, , p. . sectional velocity for the 1967 flood; this is about
SUMMARY AND CONCLUSIONS 7 percent of the average of mean cross-sectional

velocities in reach 2;
Changes in bottom-land vegetation between major 3. An average increase of 0.008 in Manning rou~h-

fIOOasIDDeceml5er 196s-;-AugustT9'67, ana-Ocwl5er ness coefficient na for the 1967 flood; this is ab1ut
972signtficantly affected-the peak-dis harge major 11 percent of the ncr for the 1965 flood in react 2;

flood parameters ofstage, mean cross-sectional velocity, 4. An average 0.4 ft (0.12 m) increase in depth for the
----,channel~boundary-roughness;<md-mean-cross-sectionaI 1967 flooCf;this is about 6 percent of'TtLh-,,-e--=a"'v:c:e-=-r-=-a-=g-,,-e------

1---depth-;-'J.!he-peak-diSChaF-ges-for-the-floods-weFe-Fespee of mean cross-sechonanrept11Sfor tlieT9651l00a
tively 39,000,40,000, and 80,000 ft 3/s (1,100,1,130, and in reach 2.
2,270 m3/s). Changes in vegetation between floods con- The range in the different hydraulic parameters

-.-siste.cLof: alorrg-th-e-studYTe'lfcb-forthe---three-tl.ood~as-greate.r-------
• 1. The complete eradication of trees, mainly than expected. For the 1965 flood at sections not affec+ed

saltcedar and mesquite, in reach 1 between the by manmade structures the range in

1965 and 1967 floods; 1. Mean cross-sectional velocity was from 2.0 to 4.1
2. An increase in foliage in reach 2 between the 1965 ftls (0.61 to 1.25 mls), a difference of about 100

and 1967 floods; and percent;
3. The complete eradication of trees in reach 2 be- 2. Manning roughness coefficient n was from 0.036 to

tween the 1967 and 1972 floods. 0.102, a difference of about ISO percent; and in
The

d
erhad~claltio~ of hfully foliaged trees apparently 3. Mean cross-sectional depth was from 4.7 to 7.R ft

cause t e 10 owmg c anges: (-l-A3-to-2~8--m-h-diffeFenee-of-aoout-1Q.-..peI'Gent~. _

1. An average 1.0-ft (0.30 m) decrease in stage for the For the 1972 flood at sections not affected by man-

I 1967 and 1972 floods in treated areas. The com- made structures the range in
_ ..------putecLa;v..er.ag.e..decreasein-stageis-l.Lft-'0.3AJn)----.l--Mean..cmss=-s.e.e.tional.Y.e.kc.ity.....w..as from 4.7 to 8.9
______......fotdh.e..l:9_63.Jio.od.in..r.e.ac.h..Lan.d..L.D..itlO.....3.QmUQr ftls (1.43 to 2.71 mls) difference of about 90 r~r·

the 1972 flood in reach 2. cent;
2. An average 0.6 ftls (0.18 mls) increase in mean 2. Manning roughness coefficient n was from 0.016 to

cross-sectional velocity for the 1967 and 1972 0.049, a difference of about 210 percent; ane in
floods in treated areas; this increase is about 24 3. Mean cross-sectional epth was ITom 3-:-8t01>-:-S-ft------
percent of the average of mean cross-sectional (1.16 to 2.07 m), difference of about 80 percent.
velocities for the 1965 flood along the study The writer assumes that the removal of vegetation
reach. The computed average increase in mean did not greatly affect the range of the different parame
cross-sectional velocity is 0.8 ft/s (0.24 m/s) for ters because the range was not significantly different for

I
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